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1.  By  reference  (a)  this^Lnboratory  was  requested  to  participate  in  the 
AN/SQS-23  Modernization  Program  (PAIR)  by  investigating  the  technical  approach 
including  the  performance  specification  and  project  definition  study  and  by 
taking  the  technical  responsibility  for  the  design  review,  the  test  program 
and  certain  aspects  of  the  training /"^The  acceptance  letter,  reference  (b), 
outlined  the  schedule  and  approach  proposed  by  KEL  including  a concentrated 
30-day  analysis  of  the  proposed  sonar. (^This  is  a report  of  that  analysis. 

At  this  time  several  areas  of  work  have  not  been  analyzed  to  the  complete- 
satisfaction  of  NEL.  Results  of  these  studies  may  still  be  cause  to  modify 
the  program  at  a later  date.  w 

2.  The  ground  rules  for  the  analysis  were  quite  simple.  The  entire  analysis 

was  subdivided  into  approximately  30  tasks  and  each  task  vog  assigned  to  who 
individual  or  group  of  individuals  best  qualified  in  that  area.  The  investi- 
gator was  asked  to  examine  three  things:  4 


• a.  Is  there  any  major  factor  which  would  invalidate  the  entire 
concept  or  require  a radically  different  approach? 

b.  Are  any  changes  to  the  specification  required  in  order  to  insure 
a more  eff active  (per  unit  cost)  sonar 7 

c.  What  additional  studies  might  be  required  beyond  the  first  30 
days  in  order  to  complete  all  avenues  of  analysis? 

3.  The  conclusions  and  supporting  discussions  associated  with  each  task  are 
attached  as  enclosures  (l)  through  (29).  These  conclusions  must  be  consulted 
to  obtain  the  specification  changes.  Enclosure  (2D)  is  a glossary  of  abbrevia- 
tions. 

4.  While  no  adverse  factors  were  found  during  the  study  which  would  be  cause 
to  halt  or  radically  modify  the  program,  there  are  three  factors  which  may 
have  a marked  influence  on  the  program.  The  brief  discussions  of  these  which 
follow  are  supported  by  the  analyses  which  are  given  in  the  enclosed  task 
write  ups. 

5.  The  factor  which  might  have  the  most  pronounced  influence  upon  the  pro- 
gram oi.e  propooea  ^.ran.saucer . i* ivo  tranoc.ucer»*  are  consica-rcu  - 

TR-203  (Kassa).  TE-191  (Karris),  TR-197  (Raytheon),  TR-177  (Sanga.v.o)  and 
TR-152  (Bendix) . None  of  these  has  been  subjected  to  a mathematical  or 
empirical  analysis  which  includes  all  environmental  conditions  of  the  PAIR 
Program.  Until  such  an  analysis  is  made  on  each  candidate  transducer,  the 
compatibility  of  that  transducer  with  the  PAIR  system  is  pure  conjecture. 


6.  Preliminary  studies  indicate  that  from  a bandwidth  standpoint  only,  the 
TR-20O  and  who  TR-191  might  be  satisfactory,  however  the  bandwidth  is  by  no 


s'  r*  «-••••  7*  • 

i *•  • • 

' » , * * 
CUnjj  . ^ 


t.  .<A.UUJ 


2 


r>  d •»  *>  * •**>  r • 2 n • 

p '•  f 1 | ‘ • • J !'  i *•  ; •'  / * | 

C0N7IDEKTIAL 


S27-20 
Task  8573 
( rrs E,  J71I61) 


means  the  only  criterion,  and  it  is  strongly  recommended  that  empirical  tests 
be  arranged  at  Lake  Pend  Orieile,  Idaho  t~or  calibration  testing  of  all  candi- 
date transducers.  These  tests  can  only  be  made  with  complete  transducer/ 
amplifier  combinations  including:  entire  transducer,  mounted  receiving  array 

and  the  TRAM  modified  power  amplifier  driver  complete  with  motor-generator 


p OW Or  S OVcT CO* 


feasible,  the  done  and  baffles  should  be  included.  Test 


will  include  all  frequency  bonds,  source  levels,  steering  angles,  modulation 
typuj  cud  duty  cycles  expected  in  the  IvMU  equipment,  Results  will  include 
source  levels,  beam  patterns,  possible  amplifier  damage  and  possible  trans- 
ducer damage. 

7.  The  dual  bandwidth  and  high  duty  cycles  imposed  by  the  transmitting  modes 

of  the  PAIR  system  constitute  the  second  factor  which  may  have  a signifi- 
cant influence  on  the  program.  The  selection  of  modes  available  through  the 
Transmitting  Mode  Programmer  implies  changes  in  hardware  as  well  as  operating 
philosophy  in  order  to  provide  the  essential  operating  features . The  choice 
of  operating  modes  is  based  upon  the  desire  to  provide  search,  track  and 
classify  functions  at  a high  data  rate  with  a minimum  of  mutual  sonar  inter- 
ference among  own  ships  and  a minimum  disclosure  of  information  to  the  enemy. 
Information  disclosure  is  of  two  types:  One  of  "super  alerting",  i.e.: 

acting  in  such  a way  as  to  announce  to  the  enemy  when  you  have  contact  on 
him.  The  second  is  disclosing  your  own  ship  heading  or  your  range  to  the 
enemy.  To  avoid  super -alerting  it  is  necessary  to  establish  a transmission 
pattern  which  will  provide  essential  search,  track  and  classify  information 
without  making  any  changes  in  the  transmitting  sequences  after  detection  of 

8 possible  target. 

8.  To  avoid  revealing  own  ship's  heading  it  is  necessary  to  do  two  (2) 

things:  first,  use  COT  transmissions  or  use  RDT  transmissions  which  start 

at  varying  relative  bearings  rather  than  always  starting  from  the  same 
bearing,  and  second,  avoid  any  time  gaps  in  RDT  transmissions  such  os  an 

"off  interval"  for  the  stern  sector.  It  appears  reasonable  to  instantaneously 
skip  the  rotating  beam  across  such  a sector. 

9.  Several  techniques  are  employed  to  cope  with  the  mutual  interference 
among  ships.  The  use  of  two  (2)  separate  frequency  bands  and  the  use  of 
both  upsweep  and  downsveep  EM  give  considerable  freedom  to  minimize  inter- 
ference. Another  feature  that  appears  very  attractive  is  the  use  of  "silent 
sectors".  When  operating  in  the  ERT  or  SLT  (Searchlight  Transmission)  modes, 
true  bearing  stabilized  silent  sectors  of  10°  will  be  centered  on  the  one  or 
two  adjacent  ships  so  that  own  ship's  major  transmitting  beam  does  not  blank 
out  consort  sonar.  Lower  level  ODT  transmissions  will  provide  sonar  coverage 
between  ships.  The  silent  sectors  will  employ  the  instantaneous  sector  skip 
as  used  for  the  stern  sector  to  avoid  heading  disclosure. 

10.  The  following  transmitter  operating  modes  are  proposed.  Typical  cases 
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a.  Non-alerting,  Frequency-Sharing  Mode; 

■ (l)  Frequency  A (Search) 

128  Msec,  FM,  ODT,  MCC  Poise;  Range  0 - 4 Kyds  ■ 
followed  by: 

128  Msec,  FAj  RDT  Pulse;  Range  0 - 32,  l6  or  8 Kyds 

(2)  Frequency  B (Track/ Classify  - interlaced  with  the  above 
sequence) 

4,  32  or  128  Msec,  ODT,  CW  Pulse;  Range  0-8  Kyds 

b.  Modified  Non-alerting,  Frequency-Sharing  Mode: 

This  mode  is  identical  to  "a"  above  except  that  the  frequency  B 
transmissions  are  SLT  in  lieu  of  ODT.  The  15°  searchlight  beam  is  randomly 
positioned  during  the  normal  search  operation.  However  when  a contact  is 
made,  the  operator  is  allowed  to  set  the  SLT  bearing  on  the  target  a maximum 
of  one  sequence  in  four. 


c.  Alerting,  Frequency-Sharing  Mode: 

\ 

This  mode  is  identical  to  "b"  except  that  ^he  SLT  bearing  is  under 
complete  operator  control.  V 

d.  Non-Alerting,  Time-Sharing  Mode:  ^ 


Frequency  A (or  Frequency  3)  the  following  pulses  ere  all  in 


sequence : 


Search 


1 - 128  Msec,  ODT,  FM,  MCC  Pulse;  Range  0 - 4 Kyd 

1 - 123  Msec,  RDT,  FM,  CW  Pulse;  Range  0 - 32,  lo  or  8 Kyd 

5-32  Msec  (or  128  Msec),  CW,  ODT  Pulses;  Range  0 - 8 Kyd  j-  T/c 

1 - 123  Msec,  ODT,  FM,  MCC  Pulse;  Range  0 - 4 Kyd  \ 

1 - 128  Msec  RDT,  FM  Pulse;  Range  0 - 32,  1 6 or  8 Kyd  ’<■ 

10-4  Msec,  ODT,  CW  Pulses;  Range  0 - 8 Kyd 
e.  Modified  Non-Alerting,  Time-Sharing  Mode: 


Search 


} T/C 


This  mode  is  identical  to  "d " except  that  the  5-32  ms  end  10  - h 

^ w* * *,j * » c.-  o c vJsj a. e * ^ / j o . uOo**j.i"i j rt' »»ciort"ly  cCjk.ec 
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operator  can  set  the  bearing  once  in  a sequence  or  4. 
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f.  Alerting,  Time -Sharing  Mode; 


This  mode  is  identical  to  "e"  except  that  the  SLT  bearing  is  com- 
pletely under  control  of  the  operator. 

g.  Alerting, • Low  Target  Density  Mode : 

This  mode  is  under  the  control  of  the  operator..  The  available 
choices  are  listed: 


(l)  For  search  (used  alone  until  contact) 

Transmission 

128  ms,  FM,  MCC,  OET  or 
128  ms,  FM,  ODT 
plus 

123  FM  RDT  or 
. 123  ms  CW  RDT  or 
32  ms  FM  RDT 


Range  Scale  Kv 


32,  16,  8 

32,  16,  8 

32,  16,  8 


(2)  For  Track/ Classify  (used  after  contact)' 


Transmission 
123  ms  CW  SLT  or 
32  ms  CW  SLT  or 
4 ms  CW  SLT  or 

Durst  of  10  - 4 ms  CW  SLT 


Range  Scale  "yd 

32,  16,  8,  4 
32,  16,  8,  4 
32,  16,  8,  4 

32,  16 


11.  A third  factor  which  might  alter  the  PAIR  system  somewhat  is  the  display 
technique.  There  are  many  very  good  arguments  for  employing  a 3-scan  present 
tion  as  the  primary  search  tool  in  leu  of  the  ??!  display.  However  it  does 
not  appear  reasonable  to  make  this  judgement  at  this  time  based  upon  Mil  or 
other  paper  studies.  Therefore  it  is  recommended  that  this  portion  of  the 
specification  be  left  open  (os  described  by  enclosure  (0)  Tack  (8)  pending 
a simulation  analysis.  This  simulation,  which  might  be  done  by  Sperry  or 
by  IfdL,  must  realistically  display  data  by  both  display  methods  for  all 
transmitter  operating  modes.  Probably  a conclusion  can  be  drawn  from  these 
tests,  however  it  is  conceivable  that  both  P?I  and  3-scan  should  be  provided 
for  on  the  first  two  test  ships. 
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12.  There  are  many  other  facets  of  this  design  which  can  moke  or  break  the 
system  when  completed  and  operating  at  sea.  For  example,  the  support  rods 
for  the  receiving  hydrophones,  if  not  made  of  very  low  Q material  with 
resonances  outside  of  the  frequency  band  of  interest,  may  introduce  intolor 
able  noise  level.  The  conclusions  included,  with  each  task,  attached  herein 
will  be  a major  source  of  information  to  avoid  such  pitfalls.  Continuing 
studies  in  several  of  these  areas  by  the  M2t»  Project  Office  will  provide  a 
ror  **x 'Ut.-a  coiuiuewo  in  abuse  ui'caj  vneru  tniure  is  tstxj.1  doubt# 


II.  TASK  IT 


IV.  CONCLUOIO 


hat  would  invalidate  the 


The  following  chances  should  be  made  to  the  contract  spec 


1.  The  passive  hydrophones  must  be  mounted  on  vibrationally 


The  variation  of  the 


by  t..e  contractor  from  the  first  100 


hydrophone, 


Kvdronhone  A 


eld  receiving  patterns  in  a plane  perpendicular  to 


of  the  line  hydrophone  when  attached  to  the  mounting  rod 


nave 


circula: 


Plane  Pont r.ininc  the  hydroph o no  Axis 


pattern  lor  tnc  entire  .Line  hyaropnone  in  a p.^ane  conts 


the  long  axis  of  the  hydrophone,  when  attached  to 


n amplitude  more 


un snaaea  c 
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receiving  pattern  shall  not  vary  in  amplitude  more  than  15$  from  the 
directivity  pattern  of  4 unshaded  elements  spaced  6 inches  apart. 

C.  Need  for  Further  Invest! ~ntion 

The  investigation  should  continue  as  new  information  evolves. 

V.  DISCUSSION 

The  directivity,  sensitivity,  frequency  response,  and  element 
spacing  were  checked  and  found  to  he  in  agreement  with  the  PAIR  values. 
Self-noise  depends  upon  the  hydrophone  mountings.  The  flow  and  cavitation 
noise  also  contribute  to  noise  background;  however  the  rubber  dome  is 
less  sensitive  to  these  excitations.  USKUSL  tests  have  confirmed  these 
facts . 
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I. 

II. 

III. 

IV. 


TASK  NUMBER:  2 

TASK  TITLE:  Beamforming  ana  Preamps 

INVESTIGATOR^ s ) : C.  J.  Burbank  and  R.  J . Vachon 

CONCLUSIONS 

A . Recommended  Changes  to  the  Specification 
None 

B.  Su.~  tested  Xnroroveir.er.ts 


None 

C.  Need  for  Continued  Investigation 

A more  extensive  study  could  reveal  subtle  improvements. 

V.  DISCUSSION 

A.  Beanforning  Techniques 

The  effect  of  a change  in  the  velocity  of  sound  in  -water  due  to 
a temperature  change  from  0°C  to  6 8°C  will  not  be  observed  in  the  beam 
pattern  or  the  directivity  index  of  the  passive  hydrophones  as  the  maximum 
velocity  change  will  be  =2.8f>. 

The  degradation  on  the  output  of  the  NT?  due  to  a signal  broadening 
of  6 microseconds  for  the  worst  case  will  be  less  than  0.5  hb  and  the  sign-al- 
to-noise  ratio  of  the  output  of  the  PADLOC  processor  will  not  be  decreased 
by  more  than  0.5  do. 

3.  Calculations  oi  the  gain  arc  signal— to— noise  ratio  oi  tne  preamts 
indicate  that  they  will  be  satisfactory. 
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A.  Recorj~.snd.ed  Changes  to  the  Specification 


None 

B.  Svifr^ested  Improvements 


PADLOC  II  evaluation  will  give  new  information  which  should 
he  used  in  the  PAIR  design.  The  first  5 PAIR  units  should  he  made  with 
enough  flexibility  to  allow  for  variation  in  integration  tire  (l  to  5 
seconds) . 

C.  Need  for  Continued  Study 


Work,  such  as  the  evaluation  of  the  RADIO C II  evaluation, 
should  he  continued  to  produce  information  affection  the  operation  of 
the  PAIR  equipment. 

V.  DISCUSSION 

PADLOC  I was  tested  on  tne  USS  G..L1..0N  (DD— ohO)  2p  uctooer  — 

23  November  IJcL  and  the  results  compared  to  results  on  the  some  targets 
obtained,  on  tne  GLnNNoL*s  Ah/SQo~23A  sonar  system.  Detection  ranges 
achived  by  PADLOC  were  5 to  1G-S  greater  than  those  ac'-. loved  by  the 
SQ3-23A.  No  gross  design  errors  were  discovered  and  the  equipment  vac 
found  to  be  satisfactorily  operable. 

Serious  consideration  needs  to  be  given  to  single  frequency 
noise  sources  aboard  as  they  will  produce  a series  of  parallel  lines  on 
no  r e c o r ^.e r u n . u c an  oc  . i.u ..e  . e . . . . o>. n : o ou  . 


--V  , - < — 

vVttf  i.n  ^ n . 


Enclosure  (1) 


.u.A;-...  .’.J  /»  i ■*  •* 

DECLASSINIED  A *71'.-.  12 
DGD  DIR  5200.10 
To-'/  . / 


5 


I.  TASK  NUMBER: 

II.  TASK  TITLE:  Calibration 

III.  INVESTIGATOR : C.  J.  Burbank 

IV.  CONCLUSIONS 

A . Reco.  .•..or.:' ; 1 Char-res  to  the  Specification 

None 

B.  Sur rested  Improvements 

None 

C . Need  for  Cor.tr  nuc-d  Invest  1 ~ntion 

Continued  study  of  in  situ  transducer  calibration  is  necessary 
evolve  a satisfactory  technique. 

V.  DISCUSSION 

The  enclosure  presents  a transducer  calibration  technique  which  ha 
been  tried  successfully  on  a TR- 177  transducer  at  Lake  Pend  Orielle.  A 
single  measurement  on  a TR-208  transducer  at  LBNSYD  indicated  complicati 
which  require  furs her  tests  and  study  before  the  calibration  technique 
can  be  used  on  that  model  transducer.  The  TR-208  needs  more  study  to  de 
mine  the  extent  to  which  internal  vibration  paths  effect  performance. 


j-ypar  I;:v. 
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on  Al/ SQC-23  01*  ^'.y./yyS-C  type  trsnsd 


ueers) 


^ r<o  cor.ui.  ^ .. or. 


* r.^  u__i.  v *-* 


This  test  was  developed  to  provide  a menus  for  determining 
of  a transducer  either  in  the  shipyard  or  installed  on  the  ship, 
of  the  test  program  will  be  used  to  decided  vh.ether  the  transducer  needs 
repair  or  net. 

The  test  program  consists  of  three  sets  of  sr.easur events;  (l)  measure 
the  electrical  leakage  to  ground  of  each  element  in  the  transducer  (not  r.ev) , 

(2)  measure  the  complex  impedance  of  each  element  at  the  operating  frequency 
and  determine  the  resonant  frequency.  (Only  Z was  previously  measured), 

(3)  measure  the  sensitivity  of  a representative  sample  of  the  elements  of  the 
t ra  ns  due  er . (lev/. ) 

A brief  description  of  part  (3)  in  the  preceding  paragraph  is  giver, 
below.  The  rest  consists  of  applying  a modified  reciprocity  technique  in 
the  measurement  of  the  sensitivity  of  the  elements.  Short  pulses  will  be 
CD  '*  / used  in  order  that  the  effect  of  the 

surroundings  can  be  recognised  and 
-i  eliminated  from  the  measurements. 


Circles 


- 0 


ar.a 


represent  elements  in  three  adjacent  stave: 


of  the  transducer.  The  following  measurements  are  made: 

1.  Using  ^3y  as  the  source,  measure  the  open  circuit  voltages  of 
and  2.  The  voltages  are  measured  from  traces  on  an  oscilloscope. 

2.  Using  ^l)  as  the  source,  measure  the  open  circuit  voltage  of 
for  a known  current  through  (T)  . 

Calculate  the  receiving  response  of  using  the  following  formula : 
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J 
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is  ofiC  rcocivir.( 
per  nicrobar. 
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r©  - ? (v© + 23  + v©  - v©  - '■© + 0 

sensitivity  of  element  (T)  in  db  re  1 volt 

is  the  open  circuit  voltage  of  ^2^  measured  in  2 above. 

is  the  directivity  correction  measured  from  the  elements  when 
they  were  previously  available.  (Usually  measured  at  a 
calibration  station). 

is  the  ratio  of  the  output  voltages  of  elements  M©  and  (2s) 
measured  in  1 above.  '' — ' 

is  the  current  in  amperes  measured  in  element  (l^  in  2 above. 

is  the  reciprocity  parameter  evaluated  for  the  distance 
separating  end  (2^  and  for  the  frequency  of  the  test. 

2d\ 
pc 


J = 


x 10_,/ 


.e  sensitivity  of  (?j  is  obtained  at  the  same 


Xu  iS  CO  CO  nO uOG  u Tic.  v. 

time  because  1,  gave  the  ratio  of  the  sensitivities  of  ar.d  ^ 2^  . 

The  source  sensitivity  is  obtained  from  the  receiving  sensitivity  and 
the  reciprocity  parameter. 

A test  of  this  technique  was  made  on  a TR- 177  transducer  at  IhlPCCS 
with  the  Calibration  Station  making  independent  measurements  of  the  element 
to  give  a basis  for  checking  the  proposed  technique.  The  measurements  were 
in  very  good  agreement  with  the  calibrations  of  the  elements  made  by  the 
station. 

Additional  measurements  have  been  made  aboard  ships  with  Ad'/ SQ'-Pg 
tra n^ducerc*  bu.w  ^nere  w..s  not  oppoi’c^uity  to  cuecu  tne  results. 
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III.  INVESTIGATOR ( 2 ) : C.  J.  Burbank,  G.  M.  Coleman 


IV.  CCNCLUSIOhS : 


A.  Roco:.  /ended  Changes  tothe  Specification 


1.  Section  3-4. 2. 4 (3rd  and  4th  sentences).  Rewrite  to  read: 

"The  line  hydrophones  (3  elements  each)  and  each  hydrophone  element  shall  be 
vibration  isolated  such  that  the  trar.snissibility  through  the  line  hydro- 
phone mounting  shall  be  less  than  0.1  for  the  frequency  band  of  100  cps  to 
10  kc . The  element  mounting  rods  that  form  the  line  hydrophones  shall  be 
designed  tousovide  vibration  damping  with  a coefficient  of  at  least  2 per- 
cent of  critical.  The  mounting  of  individual  elements  shall  be  such  that 
the  trar.snissibility  from  rod  through  mounts  to  elements  is  less  than  0.1 
for  the  frequency  band  of  100  cps  to  10  kc. 

2.  Section  3.^.2. 5.2  - Add  as  4th  sentence  - "hydros*  ere  cy-,1-- 
The  vibration  transmissibility  along  the  cable  to  any  hydrophone  element 
shall  be  less  than  that  through  the  element's  mechanical  mounting  system." 

3.  Section  3.4.5.19  - Add  after  operator  efficiency:  "The 

electronic  equipment  should  be  tested  for  sensitivity  to  vibration  which  will 
increase  the  background  noise  ir.  the  frequency  range  of  interest  for  the 
particular  equipment  in  excess  of  or.e-half  db.  See  MH-STD-167 ( STIRS) 

of  20  December  1554,  1.3  Classification  Type  I." 

3.  Sv  "'-cv:  sed  " .trey-.-  e r s 

An  additional  paragraph  or  category  of  specifications  should  be 
considered  to  cover  vibration  (acceler  .tic. s)  response  characteristics  of 
line  ,./or<- phones  .» . .e..  su*  e c ..  ec*  .0  r.  . ■ ^ m vi ,'n- ^ . .t'vt . am  an 
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a specified  direetion-.-in  air  ar.d  in  water, 
include  vibrations  response  characteristics 


Also  this  category  should 
of  individual  hydrophone  ele- 


ments . 


Vibration  response  is  usually  expressed  in  do  relative  to  one  volt 
rms  per  "G"  acceleration  for  each  of  three  mutually  perpendicular  directions 
of  translational  vibrations. 


The  vibration  frequency  band  should  be  100  cps  through  10  kc . 
Excitation  by  a shaker  should  be  pure  tone  and  one-third  octave  bands  of 
random  noise. 

Also  the  measured  response  should  be  by  narrow  band  and  one-third 
octave  filters. 

The  excitation  level  for  testing  should  be  that  which  is  represen- 
tative for  the  type  ship  possibly  0.2  "G"  rms. 


C.  BTeed  for  Continued  Investigation 

1.  For  both  the  PADLOC  and  Ah/SQS-23  hydrophone  arrays  mechanical 
vibrational  response  can  be  an  area  of  seriousness  in  the  sonar  seif -noise 
picture.  This  has  been  found  to  be  so  in  the  AE/BQQ-2  submarine  systems 
and  there  seems  to  be  little  reason  to  say  that  such  is  not  the  case  for 


AK/SQS-23  (PAIR). 

2.  From  a waterborne  sel 


be  considered  in  the  area  of  hull  r. 
sibly  a hull  design  or  modification 
for  the  subject  contract,  but,  from 
er.  area  of  seriousness  end  for  the 


f-r.oise  point  of  view  exploration  should 
ear  field  noise  detection.  This  is  pos- 
that presumably  cannot  be  considered 
. a system  operation  viewpoint  this  is 
future  should  be  weighed  carefully  and 


poss^siy  programmed  in. 
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V.  DISCUSSION 


A.  Kydrcrhor.e  V:‘ hrr.oionr-.  Sensitivity 


1.  Fro.-;:  laboratory  testing  presently  underway  or.  NFL  Problem 
L21vSl  or.  vibration  sensitivity  of  Au/bQS-g  Transducer  Elements  for  the 
Submarine  5JL  self -noise  program,  it  has  been  found  that  this  is  an  almost 
completely  overlooked  area  of  the  skip's  self-noise  problem.  These  elements 
having  sensitivities  greater  than  or.e  volt  per  "G"  acceleration. 

2.  Also  from  preliminary  self-noise  measurements  of  AN/bO.Q-2 
system,  hydrophone  element  outputs  on  submarine  (SSN  59*0  their  confirmation 
that  a significant  responsiblity  for  sor.ar  self-noise  is  attributable  to 
vibration  to  hydrophones  by  mountings  and  hull. 

3.  The  high  sensitivity  is  apparent  at  hydrophone  resonances  and 
correlate,  "unfavorably"  with  a number  of  sonar  self -noise  "spikes". 

k.  The  suspicion  is  high  that  the  same  similar  situation  is 
existent  with  most  shipborne  systems  and  for  the  subject  project  early 
assessment  should  be  made  of  the  significance  to  the  PADLOC  System  as  well 
as  the  AN/SQS-23  system. 

3 . Hydr oohor.  e ■•.ov.r.t  1 n t 

To  the  present  none,  if  any,  significance  has  beer,  placed  or. 
possible  self-noise  controls  achieved  by  vibration  mounting  techniques  for 
hydrophones.  For  machinery,  etc.  considerable  advances  have  been  made 
through  the  use  of  decoupling,  double  mounting  and  damping. 

me  pro0ecu  o . .ers  s goon  op p o rc u m. t y to  exploru  aevances  in 


machinery  noise  control.  Presently  there  is  a 3US:II?S  (Code  3L5)  Contract 


W-.  e/m  ib...  0C”o 7*  j.  C Ij*Oo"C 


for  some  sou dy  on  AX/3Q3-7  mour; 


::g  races:. 
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C.  Hull  Vibration  ana  Terr  Ft  aid  Acoustic  3ec fatten 

1.  This  is  ar.  area  that  has  enjoyed  only  little  effort  fro...  1/71-3 
but  to  date  nothin"  conclusive  has  been  readied  for  destroyer  class  ships. 
For  Minesweepers  LTHS  has  a small  project  which  interests  Ini,  because  hull 
decoupling  by  air  blankets  are  pro.  osed. 

2.  The  separation  of  s<  "-noise  components,  whether  structure 
borne  or  waterborne  has  not  been  assessed  nor  has  the  relative  significance. 

3.  The  mechanism  of  vibration  energy  transmission  from  or  along  a 
hull  and  hull-water  interface  to  arrays  is  unknown . 

4.  Probably  the  most  significant  work  area  that  can  yield  early 
information  is  that  of  vibration-acoustic  surveying  in  domed  volumes  and  on 
hydrophone  mountings.  Consequently  it  is  highly  recommended  that  this  be 
done  on  an  installation  as  soon  as  possible  to  give  better  than  guess 
guidance  to  self -noise  control. 


I.  'TASK  NUMBER:  7 


II.  TASK  TITLE:  Interfaces 

III.  IIJVESTIGATOR( s ) : J.  Reardon,  G.  S.  C-code 

IV.  CONCLUSIONS 

A . Recom  .ended  Changes  to  the  Specification 

1.  Change  Section  3*2. 2. 3 f of  specification  to  read:  "LTD3 

AN/USQ-20(V)  Unit  Computer". 

B.  Suggested  Improvements 

1.  In  order  to  transfer  sonar  contact  information  in  digital 
form  to  the  AN/uSQ-20  XTDS  Unit  Computer  and  receive  tactical  information 
in  digital  form  from  the  KTDS  computer  implement  the  following: 

a.  One  (l)  computer  Input  Bata  Register  to  hold  digital 
data  for  transfer  to  the  computer.  The  register  would  connect  to  the  30 
input  data  lines,  plus  the  Interrupt  Line,  Input  Data  Request  Line  and 
Input  Acknowledge  Line  of  the  computer  input  channel. 


b.  One  (l)  computer  Output  Be 


«>cx  nC,  » • > < O a oO  i.O.i  C c. . Cc.  k 


data  received  from  the  computer.  The  register  would  connect  to  the  30  c 
put  data  lines,  plus  the  External  Function  Line,  the  Output  Bata  Request 
.nd  Output  Acknowledge  Line  of  the  computer  ouep; 

c.  A keyset  assemoly  containing: 

(l)  Four  (1)  keys  for  designating  a tentativ. 

.umber  assigned  to  tne  sonar  contact  by  the  PAIR  operators. 

/ 

^ 2 ) nr  gnu  vOy  ueys  for  designating  tne  nature 

or.ar  contact. 

(3)  One  (l)  key  for  inhibiting  display  of  sy. 

(4)  Two  (2)  "Enter"  buttons  for  gating  the  ci  _ 
information  into  the  computer  Input  Bata  Register. 
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2.  lm  orms  cion  ga^eci  in«o  <^ne  computer  j,npu*.  Dx  08  i'.c^»  ^ v £*  wou^u 


contain 


b.  Sonar  classification  or  Lost  Contact  Indication  fro:.-,  the 
keyset  - 3 bits 

c.  Range  of  sonar  contact  fro™  Left  or  Right  Track  Ball  - 


Ball  - 11  bits 

e.  Indication  of  Active  or  Passive  Sonar  Mode  - 1 bit 
3.  Information  transferred  from  the  USQ.-2C  to  the  Compute 
Data  Register  would  contain: 

a . A Local  Tracx  Lumoer  assignee  by  cne  co...pu^er  ~ *t 
o,  A Symool  Code  **  A sits 

c.  Range  - 12  bits 

d.  True  Bearing  - 6 bits 

The  Computer  Output  Data  Word  would  be  stored  in  one  of  the  PAIR  mer 
The  PAIR  Symbol  Generator  would  then  interpret  the  symbol  code  ar.d  c 
er.  appropriate  symbol  on  the  search  CRT  at  the  indicated  range  end  ; 
bearing. 

A.  The  implemented  interface  with  the  LTDS  computer  shorn 
.o  £>*.--re  s*nc  c^(..pu*.er  Ow.^'.u  c«.*...*.e. _ o**».^r  e^«» . 


- ay 


rue 


PAIR  should  have  the  capability  of  recognizing  and  responding  to  C 
External  Function  Codes  addressed  to  it  while  ignoring  co:.-..ands  ad 
to  other  equipments  sharing  the  channel. 


.. . u.  u-. 


2.  Increase  the  number  of  operator  action  keys  on  the  keyset 
assembly  from  3 to  1 6. 

3.  Provide  for  tvo  (2)  alternate  uses  of  the  keyset. 

a.  Use  keyset  for  Co.  ...unication  vith  the  USQ-20  computer  as 

proposed. 

b.  Use  keyset  for  control  of  PAIR  functions  v'.'.en  not  r.ecessarv 
to  communicate  vith  the  KIDS  computer,  e . p . local  entry,  classification,  dis- 
play, i.. cvC . Oi  up  vO  i our  ^ s- ) ^8SqCo  ^.raens  on  one  dcooesron  d~ c>p_^cr 


V.  UIcCooS_O.J 

A.  Mrin  of  t'-e  fS  Interface 

Incorporation  or  3 digna interface  oeaween  PA PR  a no  would 

materially  enhance,  in  several  ways,  the  ASV  capability  of  a naval  force 
equipped  with  both  h'IDS  and  PAIR. 

1*  **“*  s c?rn ™a u o o..»o >.*  — c ***ciy..'ev*  ^ r ... .yuo  uu  «^re  c o,t»p « j 6a  Vu . . .a 

£«0Svc..u_aj — y rev.*.ciCe  v*»s  ^ _r..e  asc  >.«  »av:u  wO  r e p vp  r o c>oasr  coi.  vf.  c vo  oO  a or  a.  t e 
comma nuer  of  own  snip  anc.  10  the  f „ag  ship.  Under  present  procedures  cor- 
b3c  vb  are  ropcrtec.  a scare  own  snip  over  sou. '.a  power  ec  phones,  involving 
considerable  conversation,  and  10  the  flag  ship  by  radio.  On  board  the  flag 
ship , time  consuming  manual  plots  must  then  be  made  of  both  the  reporting 
sn-.p  a no  ^ . .e  r o'?  01  uti  c o . . c « . 


V.  w\..  • - 


... . 
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2.  A sen! -automatic  keyset  would  increase  the  accuracy  of  report 
ing  contacts  because  verbal  reports  frequently  get  garbled  in  transmission, 
or  are  misunderstood  by  the  receiver.  Also,  human  errors  are  inevitable 
when  constructing  manual  plots  ox’  the  reported  contacts. 

3.  Display  of  symbols  from  the  ITD3  computer  on  the  PAIR  search 


display  would  have  uh 


O I w.L_! 


ocmi  xu  s . 


a.  Reduce  detection  time  by  pointing  out  a search  area  where 
a possible  contact  might  be  located,  thus  limiting  the  area  to  be  searched. 
The  pointer  symbol  would  indicate  to  the  operator  the  location  of  interest, 

b.  Avoid  the  misdirected  effort  of  classifying  a contact  tb' 
someone  else  has  already  classified.  Thus,  if  a non-submarine  symbol  were 
to  be  presented  on  the  PAIR  search  display  at  the  range  and  bearing  of  a 
consciC w unuer  j.nveo^^.gau_on  ay  w^.e  P.-.J.R  operators,  tney  c o transxer  ^ n e _ 
efforts  to  another  contact  requiring  attention.  In  like  manner,  it  would  b 
disadvantageous  for  the  PAIR  operators  to  spend  time  classifying  a submarir. 
already  known  to  be  friendly.  A Submarine  Friendly  Symbol  would  quickly 


ini om  fens  operators  i. ns x.  i .10  sonar  con 
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source  of  vs  so  ei  u_  cia  ssif icst ion  effort  arises  vhc*n  a surface  ship  causes 
an  indication  on  the  passive  sonar  for  a considerable  period  01  tir.e  before 
it  can  be  determined  or.  the  sonar  whether  the  contact  is  a surx’ace  or  a sub 
surface  vessel..  If  the  PAIR  operators  could  be  informed  at  the  earliest 
opportunity  by  the  appearance  of  a Surface  Ship  Symbol  on  the  PAIR  search  C 

suv. *i  ao  wr.e  i.o  >.ure  ox  u re  cu..^sc , , crx^j-ca c— .assxxxcstxor  t ore  a no 

effort  would  again  be  conserved. 

c.  Another  benefit  derived  fro..;  presenting  IADS  symbols  on 
the  PAIR  search  display  is  associated  with  the  IT. 
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1. 


to  dead  reckon  several- 


targets  wren  connect 


seen,  temporarily  lost,  or 


when  the  sonar ' 


i w\c£o  mass  oe  cievoseo. 


targe's . The  aforesaid  symbols  would  be  an 


ea  w a r.ignar  pnerit- 


ei leciens  means  of  indicatir 


the  computed  positions  of  the  dead 
rega i nir.g  contact . 


inea  targets,  ar.a  thu 


d.  Presentation  of  Ik 


symbols  would  also  permit  officii 


ora  ex  nanaover  at  wines  when  s targe..  was  leaving  the  sector  of  surveilln'"c. 
assigned  to  one  PAIR/ivTDS  ship,  and  entering  the  sector  assigned  to  another 


sr.ip  similarly  equipped 


e.  The  mutual  interference  problem  would  be 


lleviated  by 


preser.oa oior.  of  Surface  Ship  Symbols  on  the  PAIR  search  ck's'cley.  The  s-—- 
bols  would  she.-  to  the  PAIR  operators  where  otk_r  ships  in  the  force  were 


Logs  Led  with  res 


respect  to  own  ship.  The  operators  would  then  inhibit  their 


own  sonars  from  transmitting  into  sec; 


snips . 


ors  occupied  by  other  PAiR  equine- 


h.  Small  shi 


P comoat  data  systems  of  less  scope  than  KTDS,  built 


around  12iS  or  1219  computers. 


are  under  study. 


=y  prove  feasible  no 


retrofit  DE’s  with  one  of  the  smaller  configurations.  If.  such  an  eventual- 

tue  proposes.  PAIR/ RTDS  interface  would  also  be  compatible  with  the  s-al'  er 
system. 


3.  Pis  cuss  lor,  of  Rair/lTDS 


interface 


Introduction: 


This  discussion  proposes  implementing  ar.  interface  between 
AK/SC.3-23  (PAIR.)  end  Naval  Tactical  Rata  System  (XTRS)  which  affords  e 


modest  capability  for  interchanging 


o c w v,  e 1 n w no  ot  o s 


y.  terns.  An  effort  has  been  made  to  limit  :...  . 


o 


snovn  in 


5.  Section  3.4.5.13.1a  - Rewrite  os  follows : 

me  display  snail  provide  a 3o0  degree,  true  bearing,  ;;gy 
compensated,  velocity  of  sound  corrected,  flicker  free  presentation.  The 
oata  of  the  5 most  recent  pings  shall  be  range  binned  and  bearing  clustered 
eoout  -che  43  principle  bearings.  The  data  marks  shall  be  specially  sep-vr-.t* 
cr.d  visually  resovoble  at  18  inches.  A cursor,  position.-'.  -uv  the  t. ... 
in  both  range  and  bearing  shall  be  provided.  Symbols  representing  the  pas- 
sive target  in  true  bearing  and  own  ship’s  heading  shall  be  written  on  the 
outer  periphery  of  the  display. 

6.  Section  3.4.5.13  ? - Add-  "ore>  - . - - • •,  . 

j.  .j. ou-Q. . uit.  ucir^ci.  centered  display  snail 

be  compensated  for  own  ship's  motion  in  the  direction  of  the  target". 

7.  Section  3.4.5.14.10  - Insert  after:  "The  recorder 

Command  to  Modes  3 or  C"  the  following: 

ihe  proper  enable  commands  will  be  operator  selectable  as: 

a.  Left  (target  range) 

b.  m.ddj_e  (Target  range  minus  1/2  range  gate) 

c.  Right  v Target  range  minus  range  gate) 

c.  Commands  a,  b,  c modified  at  variable  linear  rate.  The 
value  of  target  range  for  gating  the  TRR  in  Modes  3 or  C can  be  increased  or 
decreased  at  a variable  linear  rate  corresponding  to  rates  of  0 i'/p  knots 
selectable  by  the  operator.  Continuous  compensation  for  ct  nges  due  to  own 
snip’s  motion  in  the  direction  of  the  target  will  be  ovailn.le  to  the-  r. . 

S.  Section  3. 4. 5. 6. 2d.  - Delete  this  section. 


9.  Section 


• 5. 
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nSe*  ‘ 4 millisecond  . ilse,  the 


range  gate  is  constant  (650  yards)  as  a function  of  ran  e"  to:  "For  th< 

■'  millisecond  pu  . e,  the  n n • . e it  . >lec  . 1<  (6  c 51  rdi  or  , , ) 

and  remains  constant  as  a function  of  ran  ;o". 
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d,  •omc,:  Ir;,:v jvemer.es 

1.  Section  3X.5. 15  ~ The  figure  3 submitted  with  the  spocifi- 
coxxons  is  incomplete  end  ouvcmteci  vxun  the  latest  specixxcstxons. 

2.  Section  3X.5.17  “ Add:  There  shall  be  a separate  active 

ranpe  and  bearing  and  passive  bearing  indicator  for  each  cursor. 

C.  Ttm-c:  -'V,  m I : ■ ! ■'  ry,;.  -.•r'.-.XO:: 

1.  Section  3.7.5.12 

2.  Section  3 .7.5 .13 

o • Section  3»7*5«x3*-a 

The  type  of  display,  PPI  or  3-scan,  and  the  display  format 
rOqUl rOfc>  j. Ur G her  SlL.TuU.Xct ul Oil  and  analysis  i.) 01  01*6  TTiCiXi ng  G G. eC3.0»X Cu  • 

The  cathode  ray  tube  size  and  phosphor  require  ad  i.it  ior.nl 
testing  and  analysis  before  final  decision  by  /»SWS?Q# 

V.  DISCUSSION 

x • xo  is  o e c * 1 1 lu-L. ci j — l .j  x c»x  0j_e  oO  maxe  cne  cvo  Qj.sp.i.sy  um  wS  6'.,.oc 7 n 
Cc;u.ly  c.iivu  mechanically  icier,  gics.1,  All  equipment  smreo.  ny  tne  two  .iisp._Gy 
c.gxgs  sucn  as  doppler  discriminator  electronics^  HR  elec xrc<ric3j  the  c... 
ovaxuator,  transmit  c ortrols  ^ etc,  car*  be  combi  nod  with  the  interface  ; . ! . 
-*-  * * -*-  s oiCiiiix^uG  v.x.d  cuo  produce  ion  co»>ts  cine  cia-xt'’ 
system  c on  fig-,  r a t ion, 

R • Sec Gu.on  3,e-,^.u.2  ■*  xG  is  r e c or j ,*» e n ci  o a 01*  . t tre  swc»  » 
expanaea  to  allow  ror  x ; . .p j.e .;.c i »t  a t 1 on  of  beta  c-  nfu.  • r . a b-nc  . 
symoolic  oetecti  . . display , r..w-  • discussion  f ■ .•  so  rch  dis] 

t . .nor  o»^«5*13* xa • 

o*  Sic oj  on  3 • * *■ • j • J • x ~ x »Tis  is  a new  •.  v m tr*-  . 4 

u ut*  ao.0 a.“c j. om>  o*  c-ns  mc  i/iv)r«  * . re  , v . ,.rt  •,  to  .■  . . • \ . * 

ge*h'  ■ .*•  go r* , 0 . . ; .*•  ^ . . ; , * ’ . . ; ; . ,V ' ■ • ! * . . f • 


r. 

« j 


per for:r.  the  original  functions  of  the  PAIR 


sytw.  ^ passive  tercet  xr.a icator. 


o....  s cii.c.  cursor)  anc  pet  *oe  iicxxolc  c nou p r uo  work  viun  uno 

jVfDS  deua  link.  The  active  tercet  sy.-fool  has  been  modified  to  an  inprocess 
symbol  which  will  indicate  to  the  search  display  operator  the  area  under 
surveillance  by  the  trsckinc  console  in  both  ranee  and  bearinj.  Additional 


toraye  for  the  12  independent  tracks  locations  is  required  to  enable 


operator  to  display  ATfA  data  and/or  to  maintain  the  location  and  clessifi- 

ca  C*Or*  O-  IiVL»_L u x p -i.  e oOroc‘oS.  'n  0.1  "one  12  target  SymGOl  WOruS  Wi CO.iUair 

Ww.*.^,ce»  °yp^j  ■*•^■***0^'^  bed  — * - ^ oi\;Cik  nu, ncr,  xiiis  wu..l1  ir.’'i*ovc  uhe 


detection  operators  ability  to  handle  multiple  uar”^' 


co  cor.aio*o.‘.j, 


complete  requirement g for  the  I.JDS  interface  is  defined  under  Tnsh  lumber  7 
which  covers  XTDS/lViIH  Interface. 

o^.Ot*  "*  cXa c c bAe'-’Cj.i .tCci mu.  s i C1/  v_.no  o v •. » e » . .■  c 

a no.  pnospnor  »-*ype  are  CiGiOuCo.  uuoxl  u r.  * -■  detection  dxsplay  rs  nu  . o • . . . 

analyzed.  The  shape  of  the  tube  may  change  if  the  3-scnn  a :opitd. 

xiie  prelx! — ary  stucy  .» or  4 AX  I • > . ■ . . pn  . * *, 

c nosen  to  s comproirix. sc  x or  G.xSp.i.<iy  Oj  uci o8  Wx*-»n  or  v.’x^nout  {> i / 1 v #vx'  j',,*  *,,or4". 
In  une  oripir-il  proposal  or.__y  one  j.-e:.;ory  was  ovc. liable  and  a 1 o . : ~ per:..'.- 
Ocince  t. c requires  * or  one  c* x ^ p *y  Va.o*iOUv  tne  rn * . s.ory . now  ti.  it  two  v.  . 
memories  are  included  in  the  spate.  it  appears  a new  choice  of  phosphor 
oo  pres  on  c>  i • j iiC  ^ »*or  xS  one  Ox  one  lou^eco  porSxGo'ince  pros'-noro 

produced,  even  longer  than  the  1'  phosphor  ed  in  the  A;:/f.r„; . Some 
e ocree  o * pc‘i*$3,s  o ?©  ir»us  v o©  r©%  xneci  .»  < .*  i » » • ■ bscK^i*  . ■ , ■ fj  r ... 

w nc  Si.'^.o^j  c «. ' ^ . o Oj  Oi.o  C'./o  vi o/iOVi ^ I,  \,iOry. 
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for  this  display  be  withheld  until  simulation  end  analysis  of  the  alternative 
format  is  accomplished.  We  consider  the  spoked  PPI  display  as  proposed 
unsatisfactory. 

It  is  our  understanding  that  the  decision  to  specify  a PPI  detection 
display  for  PAIR  was  based  to  a large  extent  on  a study  conducted  by 
Human  Factors  Research,  Inc.  The  HFR  letter  report  to  BUGh'IPS  doted 
Kay  20,  1965  stresses  two  primary  advantages  of  the  PPI  over  the  B-scan. 

The  first  of  these  is  operator  orientation  with  the  world  about  own  ship. 

We  concur  that  a PPI  is  better  in  this  regard  but  don't  consider  this  is  a 
serious  problem  on  a B-scan.  The  second  advantage  listed  for  the  PPI  is  for 
analog  display  of  classification  information  such  as  axis,  shape,  and  size. 

We  concur  that  this  information  is  best  displayed  in  the  search  mode  on  a 
PPI.  However,  the  use  of  the  Sum-Difference  Scanner  for  3o0°  search  without 
memory  is  considered  a backup  mode  for  PAIR  because  it  lacks  the  signal  pro- 
cessing gain,  display  normalization,  and  5 ping  history  feature  of  th~  WPP. 

It  is  thus  envisioned  that  it  will  have  a limited  use  in  PAIR  for  detection  . 

Classification  information  will  normally  be  obtained  from  the  Sum- 
Difference  Scanner  in  the  target  centered  display  mode  after  initial  detectio: 
on  the  WPP  symbolic  display. 

After  considering  the  proposed  spoked  PPI  display  (See  Figure  l)  in 
some  detail,  we  designed  a B-scan  format  for  the  same  size  CRT  (See  Figure  2) 
for  comparison  pxirposes.  We  will  illustrate  that  this  B-scan  lias  a number  of 
significant  advantages  over  the  proposed  PPI.  Included  in  these  advantages 
are  larger  and  more  easily  distinguished  event  mark  sizes  and  spacings, 
more  easily  detectable  patterns  for  targets  moving  in  either  range  or 
bearing,  more  effective  utilization  of  the  available  display  area,  and  better 
correlation  between  track  ball  motion  and  cursor  motion. 


The  proposed  PPI  requires  the  operator  to  resolve  8 mil  ( .008") 
wide  lines  spaced  8 mils  apart.  This  approaches  the  minimum  resolvable 
distance  of  the  human  eye  (5.^  mils  at  l8"  viewing  distance)  under  per- 


fect conditions  o: 


illumination  and  no  motion  between  the  operator  and 


the  display  screen.  Recommended  display  spacing  for  optimum  operator  dis 


crimination  of  adjacent  event  marks  is  between  10.8  mils  and  16.2  mile.  It 


is  important  that  the  operator  be  able  to  resolve  the  position  of  an  event 


mark  in  a range  bearing  bin  on  the  detection  display  because  this  position 


indicate 


number  and  thu: 


in  a pattern,  the  direction  of  motion  of 


a target.  The  proposed  B-scan  display  corrects  thi 


problem  with  an  11  mil 


line  width  and  11  mil  spacing.  These  larger  event  marks  will  also  improve 


the  operator's  discrimination  of  intensity  level,  an  indication  of  signal 


strength 


Patterns  of  targets  traveling  in  bearing  are  difficult  to  recognize 


on  the  proposed  PPI  because  the  operator  must  correlate  event  mark 


adjacent  beams  which  vary  in  separation  from  80  mils  at  the  center  of  the 
display  to  655  mils  at  the  periphery.  On  the  proposed  B-scan  this  separation 


is  a constant  172  mils,  yielding  easier  recognition  of  these  target  pattern 


Utilization  of  the  display  area  on  the  proposed  10"  circular  PPI  screet 
is  very  poor  (19.5$).  The  proposed  B-scan  utilizes  62. 8£  of  the  rectangular 


x 6 area  selected.  The  larger  range  dimension  on  the  proposed  3-scan 
vs.  k.k"  for  the  PPI)  provides  a longer  event  mark  and  has  the  added 


advantage  of  easier  positioning  of  the  cursor  in  range  for  handoff  to  the 


TCD.  This  is  particularly  critical  in  the  single  ping  mode  where  the  ae 


tection  display  ha 


This  range  dimension  could  be 


'urther 


oxns 


increased  without  an  objectionably  large  CRT  by  going  to  a rectangular  tube 


screen 


bw'.j*  i 


Optimum  correspondence  between  track  ball  motion  and  cursor  motion 
cannot  be  provided  on  a PPI  for  both  random  positioning  and  audio  search, 
i.e.,  if  x-y  motion  of  the  track  ball  yields  p-o  motion  of  the  cursor,  ran- 
dom positioning  of  the  cursor  is  very  awkward.  On  the  other  hand,  if  x-y 
motion  of  the  track  ball  yields  x-y  motion  of  the  cursor,  beam-to-beam 
audio  search  must  be  accomplished  by  an  awkward  circular  movement  of  the 
track  ball.  The  case  of  p -e  motion  of  the  cursor  is  further  objectionable 
because  the  same  track  ball  is  used  to  position  a cursor  on  the  passive 
detection  display  which  necessarily  has  x-y  motion.  These  problems  do  not 

I 

occur'  in  the  case  of  the  B-scan,  where  both  random  positioning  and  audio 
search  are  accomplished  with  optimum  correspondence  of  x-y  motion  of  both 
.the  track  ball  and  the  cursor. 


A summary  of  the  pertinent  parameters  of  the  proposed  PPI  and  B-scans 
are  shown  below: 


Event  Size 

Event  Spacing 

Space  between  bearing 
bins* 

Display  Density 
Display  Size 
Display  Area 


PPI  Display 

8 x 90  mils 

8 mils 

80  to 
655  mils 

19.5# 

10  inch  circle 
77.3  sq.  in. 


B-scan  Display 
11  x 110  mils 
11  mils 

172  mils 
62 . 8/0 

8.U  x 6 inches 
50. h sq.  inches 


*This  space  is  measured  from  identical  ping  positions  in  adjacent  range- 
bearing bins. 

From  a hardware  viewpoint,  a B-scon  detection  display  would  be  cheaper  to 
implement  than  the  proposed  PPI  which  requires  a radial  scon  with  incremental 
displacements  proportional  to  bearing. 

Based  on  the  fact  that  the  proposed  PPI  symbolic  detection  display  in 
not  considered  satisfactory  arid  that  valid  arguments  can  be  presented  for 
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the  choice  of  a 3-scan  symbolic  detection  display,  we  strongly  recommend 


that : 


1.  Simulation  of  both  a PPI  and  a B-scan  digital  symbolic  dis- 


play be  performed  to  determine  acceptable  display  formats.  This  simulation 
should  include  realistic  target  motions  and  the  effects  of  pitch  and  roll 
errors  on  this  unstabilized  detection  display. 

2.  Both  the  PPI  and  B-scan  detection  displays  be  implemented  for 
the  two  PAIR  SYSTEMS  schedule  for  sea  trials. 

Informal  discussions  with  Sperry  personnel  indicate  that  neither 
of  these  items  would  delay  the  scheduled  delivery  of  the  PAIR  equipment . 
Further  the  implementation  of  both  the  PPI  and  B-scan  detection  displays 
for  sea.  trials  won’t  require  any  extensive  modification  to  the  proposed 
sweep  circuitry. 
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6.  Section  3.k. 5.13*2 

It  is  necessary  to  compensate  the  TCD  for  own  ship's  motion  in  the 
direction  of  the  target.  If  the  TCD  is  not  compensated,  the  relative  range 
rate  may  reach  70  knots.  It  can  be  shown  that  with  a relative  range  rate 
greater  than  30  knots  the  probability  of  maintaining  the  target  on  the  display 
after  one  ping  is  very  small. 

7.  Section  3-^-l^lC 

The  TRR  range  gate  (800  to  loOO)  yards)  provides  insufficient  track 
history  for  classification  of  high  range  rote  or  long  range  targets,  unless 
repositioned.  Repositioning  by  the  operator  introduces  edge  and  highlight 
distortion  due  to  unequal  incremental  corrections.  An  increase  in  range 
gate  size  is  detremental  to  highlight  and  echo  length  clues. 

.The  TRR  writing  density  (lines/inch)  is  fixed  at  a predetermined 
value.  The  rate  at  which  the  lines  are  printed  is  determined  by  the  selected 
range  scale  while  physical  spacing  between  lines  remains  constant.  The 
slope  of  the  range  versus  time  points,  indicating  range  rate  of  the  target, 
will  therefore  change  for  each  range  scale. 

The  limitations  mentioned  above  will  be  alleviated  by  providing 
the  operator  with  the  capabilities  of  positioning  the  initial  target  returns 
at  the  center  or  either  extreme  edge  of  the  range  gate  and  of  gating  the  TRR 
in  range  at  a variable  linear  rate.  When  a target  is  initially  detected  and 
transferred  to  the  track  console  the  ideal  position  of  the  target  in  the  TRR 
range  gate  would  be  at  the  center.  This  would  allow  on  indication  of  opening 
or  closing  range  in  several  pings.  Once  this  has  been  determined  the  operator 
should  position  the  target  return  at  cither  extreme  edge  of  the  range  gate, 
depending  on  opening  or  closing  range  rate.  The ‘capability  of  modifying 


the  range,  at  which  the  TRR  is  gated,  at  a variable  linear  rate  will  allow 
the  operator  to  offset  the  TRR  gate  corresponding  to  the  change  in  range 

due  to  target's  motion.  Manipulation  of  the  variable  linear  rate  to  obtain 
vertical  alignment  of  the  TRR  traces  would  indicate  a compensation  value 
equal  to  target  range  rate.  The  value  of  the  compensation  would  be  a matter 
of  operator  judgement  with  small  modifications  as  the  problem  progresses. 

The  change  to  section  3-^.5-l^.lC  will  provide  a continuous 
history  of  target  traces  without  destroying  edge  and  highlight  alignment. 
Target  range  rate  indication  will  no  longer  be  distorted  due  to  changes  in 
range  scales. 

8.  Section  3*^.5. 6.2d.  Recommended  changes  to  section  3.^.5.4^.1C 
eliminates  the  requirement  of  a range-rate  marker  and  the  need  for  this 
section. 


9.  Section  3«^.5.13.2  - A worst  cose  statistical  analysis  indicates 
that  the  6 50  yard  range  gate  specified  in  the  4 ms  pulse  mode  is  not  large 
enough  to  maintain  moderate  speed  targets  on  the  TCD  when  in  the  lt>  kyd 
search  and  track  range  scales.  Normal  distributions  of  target  position 
errors  were  assumed  with  zero  mean  and  with  standard  deviations  of  range 
errors  of  1$  end  of  bearing  errors  of  0.9°.  Under  these  conditions  we  could 
not  maintain  with  90$  confidence  a 5 knot  target  on  the  TCD  beyond  12  kyds; 
a 10  knot  target  beyond  3 kyds;  or  a 15  knot  target  beyond  4 kyds.  With  the 
same  assumptions,  on  the  8 kyd  search  and  track  range  scales  we  could  not 
maintain  a 15  knot  target  beyond  7.5  kyds  or  a 20  knot  target  beyond  5.0  kyds. 

It  is  therefore  recommended  that  a 1300  yard  range  gate  be  available 
on  the  TCD  for  the  4 ms  pulse  mode.  When  aided  tracking  is  allowing  the 
operator  to  hold  the  target  near  the  center  of  the  TCD,  he  con  then  select 
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the  65O  yard  range  gate  on  the  4 ms  mode  to  obtain  improved  axis,  shape, 
and  size  classification  information  on  the  TCD  (Details  of  this  analysis 
will  be  available  in  a technical  memorandum  at  a later  date) . 


Another  possibility  under  investigation  is  to  use  a 15-degree  bearing 
sector  on  the  TCD  and  to  reorganize  the  CRT  memory  to  utilize  the  resulting 
excess  bearing  cells  as  additional  range  cells.  This  would  allow  use  of  a 
1300  yard  range  gate  size  on  all  pulse  length  modes  without  degrading  the 
display  of  axis,  shape,  and  size  clues.  In  this  case,  it  would  even  be 
feasible  to  increase  this  range  gate  size  to  l600  yards  to  match  the  TRR 
gate  size.  The  l600  yard  gate  size  would  require  increasing  the  sampling 
interval  of  the  Sum  Difference  Scanner  to  4 ms  when  the  4 ms  pulse  length 
mode.  This  sampling  interval  is  acceptable. 
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I.  TASK  NUK3ER:  9 

II.  TASK  TITLE:  Simulation 


III.  INVESTIGATOR:  J.  Reardon 


IV.  CONCLUSIONS 


A.  Decomr, ended  Changes  to  the  Specification 

See  Task  Number  8 - Display  and  Task  Number  15  - Signal  Processing 

B.  Suggested  Improvements 

See  Task  Number  8 - Display 

C.  Need  For  Continued  Investigation 

See  Task  Number  8 - Display 

V.  DISCUSSION 

Considerable  discussion  of  our  recommendations  for  the  simulation 
of  the  detection  display  before  a decision  is  made  on  format  and  type  of 
scan  is  included  in  Task  Number  8 - Display. 

A number  of  changes  have  been  recommended  in  the  performance  require- 
ments specifications  (see  Task  Number  15  - Signal  Processing)  to  facilitate 
our  ability  to  simulate  and  measure  the  required  signals  and  noise  for  testing 
conformance  to  those  specifications. 
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I.  TASK  iNTJIvIBEK:  10 

II.  TASK  TITLE:  Microcircuits 

III.  INVESTIGATOR(s)  : J.  Reardon,  R.  Potterf,  Dr.  Kerrigan,  J.  Pouloon 

IV.  CONCLUSIONS 

A.  Recommended  Changes  to  Specification 
None 

B.  Suggest ed  Improvement s 

None 

C.  Need  for  Continued  Investigation 


1.  Follow  PADLOC  III  tests  closely  as  regards  to  the  use  of  a 
sliding  voltage  power  supply  and  low  noise  preamplifiers. 

2.  Match  for  any  increased  digital  circuit  speed  requirements  in 

PAIR. 

V.  DISCUSSION 

The  use  of  sliding  voltage  power  supplies  which  sense  the  temperature 
near  the  digital  microcircuits  and  adjust  the  voltage  output  of  the  associated 
power  supplies  accordingly  is  not  a proven  technique.  Its  purpose  is  to 


allow  the  use  of  cheaper  mid-temperature  range  microcircuits  over  the  full 


MIL  temperature  range  of  -55°C  to  +125°C.  Questions  which  immed lately  come 


to  mind  are  where  are  the  temperature  sensors  placed  to  insure  proper  adjust- 
ment of  all  circuits  associated  with  a given  power  supply?  Do  all  types  of 
digital  circuits  that  may  be  common  to  a given  power  supply  have  the  same 
A voltage  versus  A temperature  characteristics?  What  problems  arise  when 
a signal  is  passed  between  circuits  in  two  power  supply  groups?  etc.  Since 
the  microcircuit  version  of  PADLOC  uses  this  technique  and  is  due  for  testing 
shortly,  it  is  our  recommendation  that  this  feature  be  thoroughly  evaluated  in 
those  tests. 

1 
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1 Wfl 
» 'e.1, 


DOV.'EG  RATED  A?  3- YEAR  INTERVALS 
DECLASSIFIED  AFTER  1.?  YEARS 
•: ; DCD  DIR  5200.  i0 


i . . u . 


>M 


m 


8^5 „ .«;*.{*■  > * ' Vi 

Obbui  iJjlmm*  - -•  •“* 

The  specifications  of  .08  microvolts  self  noise  in  li-OO  cps  band  and 
100  db  dynamic  range  for  the  PAIR  preamplifiers  are  certainly  difficult  to 
achieve,  particularly  in  a system  configuration  as  opposed  to  a bench  test 
of  a single  preamplifier. 

Since  Rl’L  microcircuits  are  one  of  the  lower  speed  configurations 
available,  any  design  changes  in  PAIR  which  require  clock  frequencies  in 
the  range  of  k me  should  be  closely  stxidied. 

Other  items  considered  in  a brief  analysis  were  the  proposed  flat 
pack  mounting  and  soldering  techniques,  grounding  and  shielding  techniques, 
numbers  and  types  of  microcircuits  per  card,  and  circuit  specifications. 

No  significant  problems  are  anticipated  in  these  areas  if  good  circuit 
and  systems  engineering  techniques  are  employed  in  PAIR. 
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I.  TASK  NUMBER:  11 


XI.  TASK  TITLE;  Operating  Modes 

III.  INVESTIGATOR(s) ; W.  E.  Klund  (with  inputs  from  R.  Eaay  end  L.  Kulcahy . 

Prepared  by  Dr.  3.  Brown,  TRACOR) 

IV.  CONCLUSIONS: 

A . Recommended  Changes  to  the  Specifications 

1.  Adi:  Section  3*3-3  (d)  "Transmit  sector  blanking  (3.3*3*l)  to 

remove  likelihood  of  transmitting  directly  toward  another  SQS-23  (PAIR)  ship'/ 

2.  Add:  Section  3*3*3*1  ” "Circuitry  shall  be  provided  which  will 

inhibit  the  RDT  and  SLT  mode  transmitted  signals  in  any  two  selected  10-dcgree 
sectors.  These  sectors  shall  be  true  bearing  stabilized,  and  shall  be  capable 
of  being  independently  positioned  and  actuated,  when  needed.  In  the  RDT  mode, 
the  blanked  sectors  shall  be  stepped  over  without  time  delay", 

3*  Replace  Section  3*^.4.1  to  read:  "Transmitter  Control  Unit  - 

The  transmitter  control  unit  shall  provide: 

(a)  transmitter  electronic  scan 

(b)  sector  control 

(c)  transmitter  control  to  prevent  exceeding  the  allowable 
duty  cycle. 

(d)  transmitting  mode  programming  through  the  use  of  a 
Transmitting  Mode  Programmer". 

4.  Add:  "Section  3* 4.4. 4 Transmitting  Mode  Program- .or 

The  Transmitting  Mode  Programmer  shall  automatically  transmit 
a sequence  of  scorch  and  track/classify  pulses  and  select  the  proper  processor 
for  processing  and  display  of  information.  Normally  the  operator  selects  with 
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a single  knob  one  of  a number  of  programmed  modes.  Each  of  these  modes  shall 
be  capable  of  being  modified  for  different  environmental  conditions." 

5.  Add:  "Section  3 • 4. 4-.  4.1  - The  following  Transmitting  Mode 

Programs  shall  be  selectable  by  the  operator: 

(a)  Mode  l(a)  : Non-alerting,  Frequency-shared  Mode 

(b)  Mode  l(b) : Non-alerting,  Time-shared  Mode 

(c)  Mode  Il(a):  Modified  Non-alerting,  Frequency-shared  Mode 

(d)  Mode  Il(b):  Modified  Non-alerting,  Time-shared  Mode 

(e)  Mode  Ill(a)  : Alerting,  Frequency-shared  Mode,  Operator 

Controlled  SLT  Bearing 

(f)  Mode  Ill(b) : Alerting,  Time-shared  Mode,  Operator  Control- 

led SLT  Bearing 

(g)  Mode  IIl(c):  Alerting,  Low  Target  Density" 

•6.  Add:  "Section  3. 4. 4. 4. 1.1  - The  Transmitting  Mode  Programmer 

shall  be  capable  of  selecting  among  the  following  alternatives  for  Mode  i(a) 

(a)  Search  Frequency:  4. 5 kc/s  or  5-5  kc/s.  The  T/c  fre- 

quency shall  automatically  be  the  alternate  frequency. 

(b)  Search  Range  Scale:  32  kyd,  1 6 kyd,  or  8 kyd. 

(c)  Track/ Classify  Range  Scale:  Any  r nge  scale  less  than  or 

equal  to  the  search  range  scale. 

(a)  The  Transmitted  Pulse  Form,  Paulse  1:  128  ms  FM  OPT,  32 

ms  FM  OUT,  or  128  ms  CV7  ODT;  MCC  or  not.  This  transmission 
is  observed  on  the  inner  4 kyd  of  the  P?I  binned  display. 

(e)  The  Transmitted  Pulse  Form,  Pulse  2:  1?3  ms  FM  RDT  or 

32  ms  FM  RDT.  A 128  ms  CW  RDT  shall  be  capable  of  being 
programmed  once  in  each  six  FM  transmissions. 
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(f)  The  Transmitted  Pulse  Form,  Pulse  3(a): 


128  ms  CW  ODT,  32  ms  CW  ODT,  or  4 ms  OW  ODT.  Pulse 
3(a)  is  normally  alternated  with  pulse  3(0). 

Pulse  3(b)  is  a h ms  CW  ODT. 

(g)  An  alternative  burst  mode  using  10  3(a)  pulses  shall 
be  programmable  at  spacing  compatible  with  the  800  yd 
GR  gate  and  the  GR  recycle  time.  When  this  mode  is 
programmed  the  3(a)  and  3(b)  pulses  shall  not  be  alter- 
nated, but  six  3(a)  pulses  shall  be  transmitted  for  each 
burst  transmission.  This  alternative  shall  be  program- 
mable only  on  the  32  kyd  and  lo  kyd  search  scales. 

(h)  A normal  mode  sequence  shall  consist  of  the  transmissions 

of  a number  of  pulses,  for  example:  1,  2,  3a,  3'o,  3a, 

1,  2,  3b,  3a,  3'd,  etc.  The  3(a)  pulses  ore  automatically 
prevented  from  reaching  the  graphic  recorder.  In  the 
burst  mode  the  sequence  1,  2,  3(a),  3(a),  3(a),  shall  be 
repeated  five  times,  the  next  sequence  shall  be  1,  2, 

10  - 3(b)*  la  each  case  pulse  2 and  3(a)  or  3(b)  are 
transmitted  in  rapid  sequence  on  different  frequencies. 

(i)  The  gating  and  programming  of  the  displays  to  be  used 
with  the  programmed  inodes  shall  be  controlled  by  the 
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beamwidth  whose  bearing  shall  be  randomly  changed  at  periodic  intervals 
having  a duration  compatible  with  the  range  scales  in  use.  The  operator 
shall  be  capable  of  forcing  the  next  bearing  selected  to  be  that  indicated 
by  the  search  cursor  for  not  more  than  one  in  four  such  intervals.  The 
steered  beam  receiver  shall  be  slaved  to  the  SLT  bearing." 

8.  Add:  "Section  - The  Transmitting  Mode  Programmer 

shall  be  capable  of  selecting  for  Mode  Ill(a)  all  of  the  alternatives  listed 
in  This  mode  shall  utilize  SLT  with  the  bearing  under  operator 

control.  The  steered  beam  receiver  shall  remain  slaved  to  the  SLT  bearing." 

9.  Add:  "Section  3*^A.4.1.4  “ Provision  shall  be  made  for 

silent  sectors  in  the  RDT.  The  baffle  sector  and  two  steerable  10°  sectors 
shall  be  silent.  The  RDT  shall  jump  through  these  sectors  with  no  time  lag. 
Sonar  and  displayed  data  shall  be  corrected  for  these  discontinuities  in 


timing. " 


10.  Add:  "Section  3.4. 4. 4. 1.5  - Provision  shall  be  made  to  start 


the  RDT  at  8 different,  equally-spaced  bearings  with  a position  stepper  which 
automatically  steps  the  starting  bearing  between  successive  RDT  search  inter- 
vals. " 


11.  Add:  "Section  3.4.4  .4.1.6  - The  Transmitting  Mode  Programmer 
shall  be  capable  of  selecting  for  mode  l(b)  all  of  the  alternatives  listed 
under  3*4. 4. 4. 1.1.  The  following  additional  alternatives  shall  also  be 
available:  The  number  of  3(a)  pulses  in  Cycle  1,  the  number  of  3(h)  pulses 

in  cycle  2 or  the  choice  of  a burst  mode  in  cycle  2.  All  the  troncmissj ons 
shall  be  automatically  on  the  same  selected  frequency,  however,  in  cor.tr 
to  3. 4. 4. 4. 1.1. (a)." 
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12.  Add:  "Section  3*4. 4. 4. 1.7  - transmitting  mode  progran-mer 

shall  be  capable  of  selecting  for  modes  Il(b)  and  Ill(b)  ail  of  the  alter- 
natives available  in  3. 4. 4. 4. 1.6.  For  Mode  Il(b)  on  SLT  transmission  shall 
be  substituted  for  the  ODi1  T/c  transmissions.  This  transmission  shall  have 
all  the  characteristics  described  in  3. 4. 4. 4. 1.2.  The  steered  beam  receiver 


shall  . slaved  to  the  f-TiT  bearing.  For  M 


complete  conarox  o*  .ty 


'(b)  the  operator  shall  have 


' in  3.4.4.U.I.3." 


13.  Add:  "Section  3* 4. 4.4. 1.8  - For  Mode  . 


• am it tins 


mode  programmer  shall  be  capable  of  selecting  all  of  the  alte.  i.ves  avail- 
able in  3.4.4. 4.1.1,  3. 4. 4. 4. i.2,  3. 4. 4. 4. 1.3,  3. 4. 4. 4. 1.4,  3. 4. 4. 4. 1.5, 

3. 4. 4. 4. 1.6  and  3.4. 4. 4. 1.8.  This  mode  shall  be  a manual  mode  in  which  the 
operator  normally  utilizes  pulses  1 and  2 for  detection  and  then  switches  to 
pulses  3(a)  and  3(b)  as  necessary  for  classification  and  tracking." 

14.  Section  3. 4. 5.1. 3 - Modulation,  add:  "a  pair  of"  between ’With" 

and  "modulators " . 

15.  Section  3.4. 5.1. 4 - Fi Itering.  change  line  2:  "preformed  bet.;.;" 

to  "modulator". 

B.  Suggested  Improvements 


C . Toulcs  for  Further  Ir.vesil -ation 

1.  The  details  of  the  mode  sequences  specified  in  IV. A should  be 
tested  against  particular  operational  situations.  Estimates  of  performance 
with  these  and  other  combinations  of  pulse  forms  with  single  chip,  two  ships, 
four  ships,  etc.,  and  for  several  water  conditions  should  be  studied  in 
detail.  After  these  studies  are  completed  some  restrictions  in  the  choices 
available  on  the  programmer  may  be  suggested. 
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2.  The  option  of  128  ns  CW  pulse  length  for  the  aoppler  dis- 
crininetion  ana  tracking  should  be  investigated  in  detail  for  several 
operational  and  vater  conditions.  This  is  mentioned  in  the  signal  proces- 
sing task  (Number  15).  The  study  recommended  there  will  provide  the  signal 
processor  inputs  for  this  study. 

3.  Mode  sequences  specified  in  IV. A should  be  examined  in  the 
light  of  utilizing  the  receiving  time  more  efficiently  even  though  receiving 
intervals  may  sometimes  be  blanked  by  transmissions.  An  increase  in  data 
rate  is  possible  at  the  expense  of  an  occasional  lost  echo  due  to  receiver 
blanking  by  the  transmitter.  After  these  studies,  changes  in  the  mode 
sequences  may  be  suggested. 
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V.  DISCUSSION:  (Choice  of  Operating  Modes) 

A . INTRODUCTION 


The  choice  of  operating  modes  is  to  be  based  upon  performance 
requirements  in  several  situations  and  is  of  course  restricted  by  the 
results  which  can  be  obtained  with  a given  pulse  form.  The  restrictions  to 
be  imposed  can  be  presented  in  three  statements : 

1.  The  pulse  forms  suitable  for  search  (S)  do  not  provide  the 
necessary  track  (T)  and  classification  (C)  information. 

2.  Transmission  sequences  which  minimize  target  alerting  are 

required . 

3.  Transmissions  which  minimize  mutual  interference  between  ships 
are  required. 

.The  discussion  which  follows  begins  with  a list  of  the  available 
modes.  These  modes  may  be  chosen  in  the  proper  sequence  to  accomplish  the 
required  functions  when  no  restrictions  such  as  multiship  operation  or  non- 
alerting operation  are  imposed. 

When  additional  ships  equipped  with  the  AN/SQS-23  (PAIR)  come  on 
the  scene,  certain  restrictions  ore  imposed  concerning  the  permissible  trans- 
missions. The  choice  is  again  narrowed  when  operation  must  be  the  "non- 
alerting" variety.  Specific  modes  designed  to  provide  S and  T/c  transmissions 
while  providing  "non-alerting"  features  and  reduced  mutual  interference  are 
described. 

B.  T7X  A VAT.'  MOB  •>-. 


The  operational  modes  available  to  the  operator  of  the  Ah’/SQf -<.’3 
(pair)  have  beer,  provide.,  to  furnish  efficient  search,  track  end  classification 
information.  The  OPT  or  RTV  will  be  available  in  conjunction  with  the  v vc 
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be  accomplished  with  128  or  32  ms  CW  SLT  in  conjunction  with  the  sum  and 
difference  scanner  or  the  Doppler  Discriminator  and  with  4 ms  CW  SLT  in 
conjunction  with  the  graphic  recorder. 

In  addition  the  passive  modes  provide  the  search  function  with  uhe 
PADLOC  array  and  the  clipper  cross-correlator  and  the  passive  track  function 


also  utilizing  cross-correlators. 

The  available  operating  modes  are  listed  in  Tables  I and  II. 


TABLE  I 

AVAILABLE  ACTIVE  OPERATING  MODES 


Function 

Transmission 

Processor 

Disnlay 

S 

128  ms  FM  ODT 

WPP 

CRT 

S 

128  ms  FM  ROT 

WPP 

CRT 

s 

32  ms  FM  ODT 

WPP 

CRT 

s 

32  ms  FM  ROT 

WPP 

CRT 

s 

128  ms  CW  ROT 

WPP 

CRT 

t/c 

128  ms  CW  ODT 

SBR,  SDS,  DD 

CRT 

t/c 

32  ms  CW  ODT 

SBR,  SDS,  DD 

CRT,  GR 

t/c 

4 ms  CW  ODT 

SBR,  SDS 

CRT,  GR 

t/c 

128  ms  CW  SLT 

SBR,  SDS,  DD 

CRT 

t/c 

32  ms  CW  SLT 

SBR,  SDS,  DD 

CRT,  GR 

t/c 

4 ms  CW  SLT 

SBR,  SDS 

CRT,  GR 

TABLE 

II 

AVAILABLE  PASSIVE 

OPERATING 

MODES 

Beams 

Bandwidth 

Processor 

Disolsv 

Search  24 

1.0  - 2 .c;  kc/s 

Correlator 

GR 

Track  6 

1.0  - 1.8  kc/s 

Correlator 

CRT 

A simplified  block  diagram  of  the  active  and  passive  equipment  is  shown 
. Two  CRT  displays  and  two  graphic  recorder  (GR)  displays  are 
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in  Figure  1 
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available.  This  does  not  in  general  provide  redundancy  as  claimed  in  the 
Sperry  Report  because  when  the  active  and  passive  search  and  track  are  being 
simultaneously  attempted,  both  graphic  recorders  and  both  CRT  displays  are 
being  used. 

In  general,  the  passive  and  active  systems  will  be  employed  simul- 
taneously no  matter  what  operational  restrictions  are  imposed  in  order  to 
maintain  a high  detection  probability  under  as  many  conditions  as  possible. 

It  can  also  be  concluded  that  the  search  operation  will  nearly  always  be  in 
progress  so  that  one  CRT  and  one  GR  will  always  be  in  use.  The  active 
transmission  will  generally  be  the  128  ms  400  c/s  FM  sweep.  The  upsweep  or 
the  downsweep  may  be  chosen,  and  transmissions  may  be  made  centered  either 
at  = 4.5  kc/s  or  at  IV,  = 5>5  kc/s.  A maximum  of  four  ships  could  use 
these  search  modes  while  keeping  mutual  interference  to  a minimum. 

At  the  time  a contact  is  made  by  one  of  the  ships  either  passive  or 
active  track  may  be  initiated.  If  search  is  continued  while  tracking  is  in 
progress,  the  other  GR  and  the  other  CRT  will  have  to  be  used,  and  the  CRT 
will  be  required  simultaneously  on  two  of  the  active  functions,  namely, 
search  and  track.  Clearly  the  passive  track,  active  track  and  active  search, 
all  requiring  CRT  display,  cannot  be  carried  out  simultaneously  without 
display  sharing. 

The  type  of  operation  described  above  will  be  adequate  only  when  the 


single  targets  are  encountered  or  when  detection  followed  by  target  alerting 


(switching  to  a SLT  l'/c  mode)  is  permissible  in  analysing  the  con 
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will  not  be  sufficient  as  the  target  density  increases  and  search  for  new 
targets  must  be  continued  while  tracking  and  classification  of  a previous 
contact  is  underway.  This  conclusion  can  be  reached  by  considering  the 
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amour.!  of  time  necessary  to  obtain  tracking  ana  classification  as  a function 
of  target  range.  Table  III  provides  a time  table  for  the  32  kyd  range.  On 
the  lo  kyd  range  scale,  these  times  may  be  halved.  The  table  shows  that  a 
5-ping  search  history  requires  4.1  minutes,  a 5-pir.g  track/classify  history 
requires  4.1  minutes,  and  a 10-ping  highlight  history  requires  8.2  minutes. 

If  these  functions  are  carried  out  in  turn  on  a 32  kyd  scale,  a total  of 
16.4  minutes  will  be  required.  Time  sharing  of  these  functions  in  this  way 
extends  the  time  between  first  contact  and  possible  weapon  launch. 

TABLE  III 

TIMES  REQUIRED  TO  OBTAIN  SEARCH  AND  TRACK/CLASSIFY  INFORMATION 
Range  Scale 

Function ( kyd ) No.  of  Pir-^s Min.  Time  (Min.) 

0.8 

4.1 

4.1 

8.2 

TOTAL  l6.4  Min. 

An  alternate  procedure  is  to  change  transmission  repetition  rate  on  the 
T/c  pulses  and  resolve  the  possible  range  ambiguity  with  the  search  information. 
A third  procedure  is  to  provide  for  simultaneous  T./c  and  S transmissions  or.  a 
frequency-sharing  basis.  In  single-ship  operation  this  provision  provides 
track-while-search  or  classify-while-search  capability  without  own-ship 
interference.  The  cost  of  this  feature  is  increased  mutual  interference  in 
multi-ship  operation  if  the  track/classify  frequencies  of  one  ship  ore  chose;, 
to  be  the  search  transmission  frequency  of  another. 


Search  (123  ms  FM)  32  1 

5 

Track/ Classify  (128  ms  CW)  32  5 

Classify  (4  ms  CW)  32  10 
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C.  BASIS  FOR  CHOCS INC  NODES 

A number  of  operational  goals  are  involved  in  choosing  the  opera- 
tional  nodes.  Among  the  most  important  are  the  following: 

1.  Deny  the  target  knowledge  that  he  has  been  detected.  This 
goal  will  be  accomplished  by  using  "Non-alert " transmission  nodes. 

2.  Deny  the  target  knowledge  of  sonar  ship  heading. 

3.  Reduce  mutual  interference  between  ships  working  in  the  same 

area. 

There  are  no  universal  modes  which  accomplish  all  of  these  goals 
simultaneously.  This  being  the  case,  it  is  necessary  to  provide  a number  of 
transmission  modes,  so  that  the  one  providing  the  best  performance  under  the 
prevailing  operation  conditions  can  be  selected. 

The  modes  which  have  been  chosen  have  been  labeled  as  follows : 

I.  Non-alert  Modes 

(a)  Frequency  shared 

(b)  Time  shared 

II.  Modified  Non-Alert  Modes 

(a)  Frequency  Shared,  Pseudorandom  SLT  Bearing 

(b)  Time  shared.  Pseudorandom  SLT  bearing 

III.  Alerting  Modes 

(a)  Frequency  shared.  Operator  Controlled  SLT  bearing 

(b)  Time  shared,  Opex*ator  Controlled  SLT  bearing 

(c)  Low  Target  Density  Manuel 

It  is  recommended  that  the  console  be  equipped  with  o knob  which  selects 
these  modes. 


D.  DISCUSSION  0?  TI-IE  NODFB 
I.  The  Nor. -Alert  Modes 

The  non-alert  mode  is  designed  to  deny  to  the  target  knowledge 
that  he  has  been  detected.  It  consists  of  a sequence  of  different  trans- 
missions which  are  transmitted  to  provide  a continuous  opportunity  for 
search,  track,  and  classification.  A form  of  the  mode  referred  to  as  the 
frequency-shared  form  is  illustrated  in  Figure  2(a).  Search  transmissions 
are  made  on  one  frequency,  track/classify  transmissions  are  made  on  a second 
frequency. 


The 

characteristics  of  t 

he  transmission, 

for  the  32 

kyd  search. 

8 kyd 

track/cla 

ssify  sequence  are  listed  in 

order  of  use. 

Pulse 

Range 

Fre- 

Number per 

Processor, 

No. 

Function  Type 

Scale 

quency 

Repetitive 

Display 

Sequence 

1 

• S 

128  ( or  30  ms  FM 
ODT'  MCC  (or  not) 

4 

fl 

2 

WPP/CRT 

2 

S 

128  (or  32) ms  FM 
RDT 

32 

-T* 

*1 

2 

VPP/CRT 

3(a) 

t/c 

32  (or  128  or  4) 

8 

f2 

3 

DD,  SD3/ 

ms  CW  ODT 

G8,  CRT2 

3(b) 

t/c 

4 ms  CW  ODT 

8 

f2 

3 

sbr/gr, 

The  No.  1 pulse  (128  or  32  ms  FM  ODT  MCC  or  not)  is  transmitted  and 
the  return  is  observed  on  the  first  4 kyd  of  the  PPI,  binned  display.  The 
No.  2 pulse  (12S  or  32  ms  FM  RDT)  is  transmitted  and  the  return  is  observed 


on  the  PPI,  binned  display  in  the  range  interval  from  4 kyd  to  32  kya.  These 
two  transmissions  are  made  on  frequency  f^  - 4.5  kc/s*  (or  f^  = 5.5  kc/s). 

The  No.  3(a)  (or  No.  3(b))  pulse  will  be  transmitted  next,  immediately  after 
the  No.  2 pulse.  The  3(a)  and  3(b)  pulses  are  alternated  at  regular  intervals, 
at  a rate  determined  by  the  rf/C  range  scale  ( 8 kyd). 

*This  choice  is  arbitrary  if  one  ship  operation  is  t-.k"  r.g  place.  If  seve  r 1 
ci Oi  pA  ( oCuo  v r*»\is o £»r»c'.x*o  oiiO  gvq1a.-L&dx.g  oi>/*ciW(LQ"c**i«  sc.;, o vl . j.  c*.  ' . e 
anti  sotho 
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In  general  there  will  be  several  of  the  ho.  3 pulses  per  KDT  transmission. 


For  example,  the  R(t/c)  - 8 kyd  mode  shown  in  Figure  2a,  provides  a T/C 
transmission  approximately  every  20  seconds  and  three  ho.  3 transmissions 
are  made  fox-  each  ho.  1 or  each  ho.  2 transmission.  The  ho.  3(a)  pulses  are 
specifically  for  tracking  and  doppler  discrimination.  The  ho.  3(b)  pulses 
are  for  highlight  determination.  Only  the  4 ms  pulse  is  to  be  gated  to  the 
graphic  recorder. 

In  the  example  mode  being  described  (32-3)  the  complete  set  of  trans- 
missions per  sequence  is  shown  in  Table  IV,  pulses  3(a)  end  3(b)  being 


alternated. 


TABLE  IV 


COMPLETE  32  KYD  - 8 KYD  MODS  l(a)  SEQUENCE 
(Non -Alerting,  Frequency-Shared  Mode) 


Detection  Cycle 


Transmissions 

1-No  1 1-No  2 1-No  3(a)  1-No  3(b)  1-No.  3(a) 
1-No  1 1-No  2 1-No  3(b)  1-No  3(a)  1-No  3(b) 
Same  as  cycle  1 
Same  as  cycle  2 
Same  as  cycle  1 


This  sequence  is  repeated  continually.  As  shown  in  the  table  in  Figure  2(a) 
approximately  2 minutes  are  required  to  repeat  the  sequence.  During  this 
time  2 0-32  kyd  searches  will  be  obtained,  three  0-3  kyd  track  and  doppler 

sensitive  transmissions  will  be  made  and  three  0-3  kyd  highlight  sensitive 
transmissions  will  be  made.  A T/c  interval  would  consist  of  approximately 
three  repetitive  sequences  and  would  require  about  6y  minutes . Other  range 
scales  are  shown  in  Figures  2(b)  and  2(c) . 

A programmer  is  required  to  control  the  sequence  of  transmissions 
end  to  switch  the  steered  beam  receiver  to  the  proper  pr<  :easor  and  display 
as  the  No.  3(a)  pulse  is  replaced  by  the  No.  3(b)  pulse.  The  progr  . 
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should  be  an  adjustable  device  vhi'--'  can  be  r epr  ogra m.rr.ed  for  other  ra ngo 


combinations  sucn  as 


the  32-32  kyd,  the  32-16  kyd,  or  the  lo-b  kyd  scale , 


whichever  is  the  most  suitable  for  the  waters  in  which  the  ship  must  operate. 
This  programming  would  not  be  altered  except  on  rare  occasions  when  the 
conditions  of  operation  change  sufficiently  to  require  such  alteration  and 
would  not  be  under  direct  operator  control.  The  programmer  is  described 
further  in  a later  section. 

Once  this  mode  has  been  selected,  the  pulse  sequences  remain  un- 
altered until  authorization  is  given  to  deviate  from  this  mode.  Only  the 
search  displays  are  used  until  a contact  is  made.  At  this  point  no  change 
in  transmission  is  made.  The  operator  simply  steers  the  receive  beam  to 
the  target  sr.d  begins  to  accept  the  track/classify  information  which  is  in 
the  water. 

The  other  fora  of  this  mode  (time-shared  for:.)  utilizes  the  same  trans- 
missions but  they  are  transmitted  on  a time  snaring  basis  rather  than  a 
frequency  sharing  basis  (Figure  3(a)).  This  form  reduces  the  rut':  .1  inter- 
ference between  ships,  but  this  reduction  is  paid  for  . th-  inr-  . ■ 
time  required  in  carrying  out  the  track/class: fy  function  ■ 

search  rate.  The  sequence  is  shown  in  Table  V.  It  is  not  ; ..  ; 


nate  the  3(a)  and  3(b)  pulse  in  this  mode  because  they  will  n 
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foraly  spaced  in  time. 
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TABLE  V 

COMPLETE  32  KYD-3  XYD  MODE  l(b)  SEQUENCE 
(Non-Alerting,  Tine-Shared  Mode) 


Cvcle 


Tra  n m issions 

1 - No.  1,  1 - No.  2 

6 - No.  3(a) 

1 - No.  1,  1 - No.  2 

12  - No.  3(b) 


Frecuencv 


0-50  sec. 
50-100  sec. 
100-150  sec. 
150-250  sec. 


With  this  node  the  sequence  is  completed  in  about  3 minutes,  but  less  is 
accomplished.  This  mode  requires  about  50;’j  longer  for  a fixed  number  of 
search  transmissions  than  Mode  l(a).  A burst  mode  consisting  of  10  4ms 
pulses  is  to  be  available  as  a substitute  for  the  10  3(b)  transmissions. 
The  pulse  separator  is  to  be  suitable  for  display  on  a GR  with  an  800  yard 


gate. 


The  primary  advantage  of  this  mode  is  the  reduction  of  mutual 


interference. 

In  general  targets  at  ranges  greater  than  8 kyd  (the  T/c  range 
scale)  would  be  observed  with  a range  ambiguity  interval  of  8 kyd.  This 
would  be  true  of  both  the  1(a)  and  l(b)  modes. 

A few  specific  requirements  are  important  in  maintaining  the  non- 
alerting, information-denying  characteristics  of  this  mode. 

(a)  The  RDT  is  of  the  normal  variety  except  that  it  starts  on  a 
different  bearing  on  each  pulse  transmission.  This  starting 
point  is  sequenced  to  one  of  eight  equally  spaced  bearing.  The 
RDT1  beam  skips  across  the  baffled  stern  sector  with  no  time  lag. 

(b)  The  RDT  should  have  two  adjustable  10°  silent  sectors,  sectors 
in  which  no  transmission  is  made.  The  RDT  skips  across  these 
sectors  with  no  time  lag. 


(c)  The  audio  beam  vill  regain  on  one  bearing  through  a complete 
sequence  but  vill  jump  to  a new  randomly -chosen  bearing  auto- 
matically at  the  beginning  of  a new  sequence.  The  particular 
bearing  choice  will  be  the  same  as  that  used  in  Mode  II 
(Modified  Mon-Alert  Modes)  in  the  t/c  transmissions.  This 
feature  will  have  manual  control  in  this  mode  so  that  the 
Operator  may  choose  the  audio  beam  direction  if  he  desires. 

II.  The  Modified,  lor. -Alert  Modes 

Those  modes  are  almost  identical  to  the  Mon-Alert  Modes.  For 
these  modes  the  Track/ Classify  transmissions  shown  in  Figures  2 and  3 are 
SLT  rather  than  ODT.  The  SLT  (Searchlight  transmission)  must  be  a non-ro- 
tating 15°  searchlight  beam. 

• Prior  to  making  a contact  the  SLT  bearing  is  left  at  a particular 
setting  through  a complete  sequence  (t/c  interval)  and  altered  randomly  to 
a new  position  at  the  beginning  of  each  new  sequence  (t/c  interval).  The 
same  bearing  is  employed  for  the  audio  beam.  When  a contact  is  made  the 
operator  may  force  the  r.-'-ut  choice  to  be  the  bearing  indicated  by  the  search 
cursor  for  one  sequence  (t/c  interval).  Maintaining  the  SLT  at  this  bearing 
for  more  than  one  sequence  (T/c  interval)  will  not  be  possible  under  this 
mode  for  more  than  one  interval  in  four.  To  do  so  would  constitute  a 
deviation  from  the  non-alerting  condition. 

Both  frequency-shared  (ll-(a))  and  time-shared  (ll-(b))  modes  will 
be  available. 

III.  Alert  ir.  Modes 


(a)  Frequency  Shared,  Operator  Controlled  SLT  Bearii 

. This  mode  is  identical  to  Mode  11(a)  except  that  tiw  tr;  ck/ 


, v - 


classify  transmission  bearing  is  operator  controlled.  This  mode  provides 
the  optimum  opportunity  for  trading  vhile  maintaining  search. 

(b)  Time-Sir  red.  Operator  Controlled  £LT  Bearing 

This  mode  is  identical  to  Mode  Il(b)  except  that  the  track/ 
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(c)  Low  Target  Density  Manual 

In  this  ...ode  only  search  transmissions  are  normally  employed 
until  a contact  is  made.  Pulse  form,  pulse  length,  ana  range  scale  are 
selectable.  The  processor  and  display  appropriate  for  the  particular  pulse- 
form  are  automatically  selected  with  the  pulse  form.  When  a contact  is 
made  selection  of  a suitable  track/classify  pulse  and  range  scale  can  be 
made  by  the  operator. 

E.  ■ THE  MODE  PROGRAMMER 

A mode  programmer  is  necessary  to  provide  the  operational  characteris- 
tics required.  This  programmer  should  have  some  versatility  so  that,  when 
the  specific  parameters  listed  in  the  mode  descriptions  given  are  not 
suitable,  they  can  be  altered.  For  example,  the  descriptions  given  may  be 
suitable  for  deep-water,  good-layer  conditions  but  entirely  unsuitable  for 
shallow  water  conditions.  When  operating  conditions  are  to  be  different  for 
a period  of  time  reprogramming  the  mode  sequences  specifically  for  those 
conditions  is  recommended.  The  selectable  items  are  listed: 

Search  Choices 


1.  Pulse  length,  form,  ODD,  frequency 

2.  Pulse  length,  form,  RDT,  Range  Scale,  Frequency 

Tr ary  / Cl  qr:~:  fy  Choice.: 

1.  Pul*e  length  for  DD,S  . , a:  1 GR  processing,  frequency,  alter- 

no  OjJ*  i'io  i i_  r.  ] 4 1 o pulsoo  • 

2.  Range  scale. 
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I.  TASK  NUMBER:  12 

II.  TASK  TITLE:  Stabilization 

III.  IKVESTIGATOR( s) : K.  Klee,  A.  Rhiner,  R.  Crabb  and  3.  Pennoyer 

IV.  CONCLUSIONS 

A.  Recommend'd  Changes  to  the  Specification 

1.  The  contract  specifications  must  delineate  stabilisation 
requirements  in  the  determination  of  true  target  bearing  pertaining  to 
fire  control,  passive  track,  active  track,  search  light  transmission, 
rotational  directional  transmission,  and  all  displays. 

2.  The  contract  specifications  must  specify  allowable  bearing 
errors,  and  the  conditions  under  which  these  errors  are  determined. 

3-  The  contract  specifications  must  specify  the  use  of  a target 
depression  angle  control  for  passive  and  active  track.  (See  discussion  on 
page  3 of  included  Discussion.) 

B . Su  ggested  Improvements 

The  wave  period  processor  performance  could  be  improved  by  pro- 
viding stabilization  corrections  to  its  data;  if  the  cost  of  including 
such  corrections  is  not  prohibitive. 

C • Need  for  Continued  Investigation 

1.  Studies  of  signal  degradation  due  to  lack  of  vertical  beam 
stabilization  could  be  continued.  Such  information  could  be  useful  in 
analyzing  the  performance  of  the  AN/SQS-23  Sonar  System  in  various  sea  states, 

2.  The  wave  period  processor  data  has  no  stabilization  corrections 
for  pitch  and  roll.  Information  regarding  the  effects  due  to  lack  of  the 
corrections  would  be  informative,  and  should  be  obtained  if  the  active 
search  display  is  simulated. 
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V.  DISCUSSION 


A.  Stabilization  Technique 

Any  motion  about  a ship's  coordinate  axis  is  converted  into 
syncro  signals  by  its  gyro  compass.  The  synchro  signals  contain  electronic 
information  which,  includes  all  variations  in  pitch,  roll  and  ship's  heading 
relative  to  true  bearing.  The  stabilization  that  exists  in  the  AIj/SQS-23 
(PAIR)  Sonar  System  is  a function  of  some  or  all  of  the  synchro  information. 
This  information  is  processed  in  the  sonar  system  computer,  the  Data 
Processing  Unit  (DPU). 

The  Data  Processing  Unit  (DPU)  computes  solutions  for  two  equations 
of  stabilization  correction  of  which  one  equation  is  for  the  passive  mode 
and  the  other  for  the  active  mode.  The  resultant  solution  of  these  equations 
is  a correction  in  relative  beam  bearing.  The  stabilization  computation 
does  not  provide  correction  for  a change  in  the  vertical  beam  angle  due  to 
ship's  motion.  The  active  stabilization  equation  contains  four  variables; 
pitch,  roll,  target  depression  angle  and  initial  relative  target  bearing. 

The  passive  equation  is  a function  of  pitch,  target  depression  angle, 
initial  relative  target  bearing  and  signal  time  delay  between  the  two  re- 
ceiving hydrophone  arrays.  Roll  has  no  effect  on  the  solution  of  the  passive 
equation  as  long  as  the  hydrophone  arrays  are  mounted  parallel  to  the  ship's 
keel. 


There  is  one  variable  in  both  equations  for  which  the  gyro  compass 
does  not  provide  values.  It  is  the  target  depression  angle.  Since  there  is 
no  value  provided,  its  value  will  be  considered  zero  degrees.  However,  the 
study  program  by  Sperry  proposes  a target  depression  adjustment  on  the 
passive  track  display  which  can  provide  values  of  target  depression  ang".  c. 

The  adjustment  value  would  be  detormi ned  by  the  sonar  operator.  The  cq  > rator 
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determines  the  correct  adjustment  by  the  amount  of  jitter  in  the  target 
indication  on  the  display.  The  point  of  minimum  jitter  is  considered  the 
correct  value  of  depression  angle.  This  same  value  can  be  used  in  the  active 
stabilization  equation.1  The  jitter  is  dependent  on  the  pitch  of  the  ship. 

If  the  ship  is  not  pitching,  there  vould  be  no  jitter,  and  hence,  no  value 
of  target  depression  angle  could  be  determined. 

Once  the  equations  have  been  computed,  the  corrections  are  made 
on  the  following  active  and  passive  operations. 

1.  Active:  Rotational  Directional  Transmission 

Search  Light  Transmission 
Active  Target  Tracking 

2.  Passive:  Passive  Target  Tracking 

The  corrections  are  accomplished  by  changing  the  beam  selections  so  that 
there  is  a beam  in  a specific  horizontal  area  of  the  ocean  regardless  of 
ship's  motion  due  to  pitch  and  roll. 

Another  operation  performed  by  the  Data  Processing  is  to  provide 
signals  which  moke  all  displays  true  bearing  stabilized.  As  a result  all 
operations  would  have  yaw  stabilization. 

3 .  Stabilization  T ~'ch~.~  cue  Evaluation 

The  stabilization  technique  that  is  proposed  makes  stabilization 
corrections  in  relative  target  bearing  angles  on'y.  Since  there  is  r.o 
vertical  beam  stabilization,  bearing  errors  and  signal  degradation  can  1 ■ 
produced  by  pitch  and  roll  of  the  ship.  As  a ship  roils  and  pitches,  it 
x s poo i). o j e -Ox  cl  baoiii.i.  tea:,  t-o  m .. i . ..  . y . or  n-  n . s . ^ . ■ . 
to  miss  tic  receiving  beam  if  the  resultanl  mo  L<  . causes  the  ship's  d ck 
plane  to  tilt  more  than  6°  fro:.,  th  horizontal.  If  the  target  cl  a.'.  ....  h :. 
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angle  is  a few  degrees,  the  resultant  deck  plane  notion  does  not  have  to 
be  6°  to  have  considerable  error  or  signal  degradation.  To  say  that  a 
signal  sequence  will  be  lost  entirely  is  an  unfair  evaluation  because  more 
than  a one  ping  sequence  will  be  transmitted  or  received.  By  using  pitch 
and  roll  tables  of  a DL-5  Class  Destroyer,  a rough  estimate  of  signal  de- 
gradation can  be  determined.  This  signal  degradation  would  be  a function  of 
pitch,  roll  and  percent  time  that  the  ship  is  in  various  sea  states.  For 
a mean  value  of  pitch  and  roll,  a transmitted  and  received  signal  can  be 
degraded  by  2.2o  db  on  a long  ping  sequence  basis.  If  the  maximum  pitch  and 
roll  conditions  are  used,  the  same  signal  is  degraded  by  19.3  db.  Also,  a 
short  ping  sequence  could  produce  greater  signal  degradation. 

This  problem,  of  signal  degradation  should  be  a continued  study. 

It  should  be  attacked  from  a statistical  basis  of  the  ship’s  true  motion 
and  for  a realistic  ping  sequence. 

The  same  type  of  signal  degradation  that  occurs  in  the  active 
mode  can  also  be  produced  in  the  passive  mode.  However,  the  passive  signal 
will  not  be  degraded  as  severely,  because  of  the  increased  vertical  beam 
width.  The  minimum  passive  vertical  beam  pattern  is  approximately  twice 


a .vice  ao  de  maxim" 


;ive  beam.  Hence,  the  ship's  motion  can  produce 


larger  excursions  from  the  horizontal  plane  with  less  effect  on  the  passive 
received  signal. 

As  for  the  bearing  errors  caused  by  the  ship's  motion,  two  factors 
of  stabilization  contribute  to  them.  One  is  the  lack  of  vertical  beam  cor- 
recoic.i  and  one  other  is  fcnat  no  meinou  oO  determine  targeu  depression  angle 
exists.  Nothing  will  be  done  about  the  vertical  beam  correction  and  its 


maximum  resultant  bearing  error  is  3 degrees  at  maximum  sea  state  t cone lilt 
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equations.  There  is  no  direct  method  for  determining  the  target  depression 
angle.  The  value  used  in  the  computation  vill  be  zero  degrees  or  that  value 


determined  by  the  sonar  operator  as  previously  described.  Serious  drawbacks 
which  occur  by  this  method  of  determining  the  target  depression  angle  are: 

(1)  In  order  to d et ermine  target  depression  angle,  the  target  must  be  detected 
in  passive  track,  because  no  other  operating  mode  can  supply  this  information. 

(2)  Lack  of  pitch  by  the  ship  produces  no  jitter,  hence,  the  operator  does  not 
know  w'nat  value  to  provide  in  the  computations,  therefore  bearing  error  will 
be  produced.  If  the  value  used  for  the  computation  is  nay  value  other  than 
the  real  target  depression  angle,  bearing  error  is  produced.  For  maximum  roll 
and  pitch  conditions  of  sea  state  b of  a DL-5  ship,  a real  target  depression 
angle  of  10  degrees  and  a value  of  zero  degrees  for  target  depression  angle- 

used  in  the  computation  of  the  active  stabilization  solution  a maximum  bearing 

o b 

error  of  3*7  is  produced.  As  the  target  depression  angle  differs  and  pitch 
and  roll  angles  decrease,  so  does  the  bearing  error.  For  the  same  conditions 
as  stated  above,  the  passive  solution  can  have  a maximum  bearing  error  of  10°. 
If  the  target  depression  angle  is  used,  the  10°  error  would  be  reduced. 

Another  two  operations  which  are  plagued  by  bearing  errors  arc 
passive  and  active  search.  These  operations  have  no  pitch  and  roll  stabili- 
ze cn  on.  As  c»  result,  *v.non  maximum  so..*  Suc-oO  b concin^nons  anci  real  tar^-t 
depression  angle  of  10°,  the  active  operation  can  have  a maximum  of  6.7 
degrees  bearing  error.  If  the  target  return  signal  conditions  are  jus 0 
right,  any  notion  due  to  pitch  and  roll  can  cause  the  display  beam  to  ju.p 
bearing  bins,  end  the  6.2  degree  shift  will  definitely  do  so.  The  degree  of 
dn^pley  oe^^ ci Ct.  u r on  escuoa  oy  one  sut.x’Irg  on n jumpnag  ns  oeyond  one  sc*  c . 
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this  memorandum.  This  is  one  of  the  problem  areas  for  which  further 
studies  should  be  planned.  The  same  type  of  display  degradation  can  plague 
the  graphic  recorders  which  work  in  conjunction  with  the  steered  beam 
receiver  and  the  search  mode  of  PADLOC. 

Finally,  all  operations  will  be  stabilized  to  true  bearing.  True 
bearing  stabilization  is  provided  on  all  displays.  The  only  bearing  error 
due  to  this  stabilization  of  the  displays  will  be  that  produced  by  the 
equipment  which  converts  synchro  signals  into  electronic  pulses  and  back  to 
synchro  signals . The  proposed  display  stabilization  method  and  equipment 
will  produce  less  than  0.0k  degrees  error  which  is  negligible. 

C . Specifications  Evaluation 

The  latest  specifications  booklet  is  rather  ambiguous  in  delineating 
the  requirements  of  stabilization  for  the  Au/SQp-23  (PAIR)  Sonar  Program. 
There  is  no  direct  specification  of  stabilization,  its  techniques  or  its 
error  tolerances.  However  the  specifications  booklet  does  imply  the 
following  about  stabilization. 

1.  The  Data  Processing  Unit  shall  be  capable  of  computing 
coordinate  transformation  for  passive  and  active  track,  and  also  perform  the 
necessary  operations  which  will  stabilize  all  displays  to  true  bearing. 

2.  Ti'ack  ball  and  cursor  circuits  shall  generate  bearing  data 
for  fire  control  and  steered  direction  transmission. 

3.  The  sonar  system  shall  be  compatible  with  fire  control  and 

w ■ . • ■ ro  c on  v - ’>  s s • 

i.  In  the  active  track  difference  mode,  there  shall  be  less  than 
■ ■ • h.  bearing  data  with  an  infinite  signal  to  noise  ratio. 

in  the  p ssive  mod  ■ , th<  re  s]  11  be  less  bearing  error  tl 
• 3 0.'  latest  specifications  ooo'  t. 
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APPENDIX 


1.  As  per  conversation  with  Sperry  Gyroscope  Company  (Mr.  Robert  Knox) 
of  3 September  1965. 

2 . See  c omo u ^ u x on  ^ • 

3-  a. 


0 - arc  tar. 
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G 

is 

corrected  relative  bearing 

in  degrees  from  bow  of  ship 

r 

is 

roll  angle  in  degrees  tow 

ard  starboard  from  vertical 

P 

is 

pitch  angle  in  degrees  up 

from  horizontal  plane 

d 

is 

target  depression  angle  in 

degrees--up  is  positive  angle 

J3d 

is 

initial  relative  bearing. 

Sin  0 _ 

Ba 

V ] v 

arc  cos  1 — — L v 

. ‘1  1 

L 1 


Cos  p Cos  d 


where 


v 

1 

t. 


is  velocity  of  sound  in  wooer 


is  spacing  between  arrays 


4.  This  value  3.7°  was  determined  from  computer  solution  of  3.0  for 
of  pitch  and  roll  of  sea  state  4. 
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EVALUATION  OF  SIGNAL  DEGRADATION 


Method  as  proposed  by 

Dr. 

Bob 

M.  Brown 

of  TRACOR,  Ir, 
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TASK  TITLE 
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IHVESTIC-ATi 

IV. 

conclusion: 

A.  Recomm; 

1.  An  analysis  must  be  made  of  the  proposed  transducers,  i.e. 

(l)  TR-203  (Masse),  (2)  TR-191  (Harris),  (3)  OB-197  (Raytheon),  (1)  TR-177 
(Sangamo)  and  (5)  TR-152  (Bendix),  when  driven  by  a TRAM  transmitter.  This 
is  necessary  because  of  the  different  operating  requirements  of  PAIR  com- 


pared to  the  basic  SQS-23  operation.  The  PAIR  requirements  are  so  changed 


that  previous  accepted  performance  levels  cannot  be  guaranteed  for  the  new 
operating  requirements  without  this  analysis.  PAIR  source  levels,  beam 
patterns,  and  reliability  of  the  transducer/trar.sr.itter  must  be  confirmed 
as  obtainable,  with  the  existing  transducers  and  TRAM  transmitter.  This 
should  be  accomplished  before  the  final  contract  is  signed.  If  not  there 
must  be  an  understanding  that  failure  to  meet  the  PAiIR  requirements  by  the 
transducer/transmitter  configuration  would  necessitate  modification  of  the 
PAIR  requirements  or  possibly  the  design  of  a new  SQS-23  transducer. 

(Reference  attached  memorandum  by  John  Hickman,  Code  3I0O,  Transducer  Divisio: 
Head) 


B. 


.y-rrestca  jm.nrovemer. ts 


It  is  possible  because  of  the  large  head  sice  of  each  transducer 
element  (approximately  one-half  wave  length)  that  some  for...  of  velocity 
control  exists.  The  proposed  TRAM  transmitter  will  drive  either  1 or 


.ransduoei  ele.  ...  connected  .. . * pa ra  11  el . x ^ x a r ec on  tended  *.  o c , . . 4 


the  parallel  connection  to  s series  conn  - Lon  to  take  e . of  the  hi  h 

output  impede ..ce  o . he  . . . . • * ....  . . .■  con*  a nt  current  ctrive  . . . 


the  degree  of  velocity  control . 
Enclosure  (13) 
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C . Need  for  Continued  Investigation 

If  the  complete  set  of  empirical  tests  with  ell  transducers  and 
all  equipment  cannot  be  made,  a complete  mathematical  analysis  should  be 
made  to  determine  ifincreased  velocity  control  with  the  transducer/srans - 
mitter  complex  is  necessary.  Then  prior  to  a production  contract  it  vill 
still  be  essential  zo  make  a thorough  at  sea  empirical  analysis. 

V.  DISCUSSION 

The  documents  "SHI?S-T-3o733"  and  'SHIPS-T-4354"  on  the  Karris  TR-191, 
Sangamo  TR-177  and  the  Massa  TR-203  transducers  state  that  these  transducers 
should  be  capable  of  a 500  watt  electrical  input  for  0.5  seconds  with  a 9-5 
second  OF?  period.  This  indicates  a duty  cycle  of  0.05  with  an  average 
input  of  25  watts. 

To  maintain  a source  level  of  135  db/jabar  in  the  123  millisecono, 

300°  RUT  mode  of  operation  (worse  case),  each  transducer  element  will  have 
to  accept  15.0  watts  average  input  power  for  the  50,j  efficients  units  am 
24.7  watts  average  for  the  30‘r  units  (Figure  2).  All  the  transducers  can 
handle  the  required  power  at  5 he,  however,  TR-197,  TR-177  and  7R-152  fall 


thus  making  the  required  input  power  too  great  for  the  long  duty  cycle 
required. 

Review  of  all  available  information  on  the  five  (5)  transducer  models 
proposed  for  use  with  PAIR  indicates  that  the  Karris  TR-1S1  and  Masse  TR-2C3 
transQucer^  c. ^ mo o ..  a p ^o  be  ^u^ olo . licsCu i>  a n* . 3 x 0 a r . o y 

frequency  response  curves  are  available  for  the  Harris  TR - 191 , Raytheon 
TR-197  and  Massa  TR-203  transducers . These  curves  may  or  cay  not  be  valid 
for  the  entire  array  responses.  The  curves  for  TR-191  and  TR-203  are 


r,  *2- 

- O 


relatively  flat  above  1.5  kc,  however,  the  T R -197  has  a respor.se  peak  at 
5.0  Kcps.  The  extreme  limits  of  each  operating  band  differ  by  about  3 to 
1 db.  Simulation  studies  indicate  that  this  variation  may  be  tolerable  to 
the  Wave  Period  Processor,  but  a 12  db  difference  is  enough  to  completely 
destroy  the  processor  output.  Frequency  response  curves  were  not  available 
for  the  Sangamo  TR-177  or  Ber.uix  TR-152,  however,  the  specifications  for 
these  transducers  indicate  that  they  will  have  a peaked  response  like  that 
of  the  Raytheon  TR-197. 

The  stated  efficiency  of  the  Harris  TR-191  and  Massa  TR-023  transducers 
is  greater  than  oO $.  Specifications  for  the  Sangamo  TR-177,  Behdix  TR-152 
and  Raytheon  TR-197.  require  only  30^.  Since  the  TRAM  modification  reduces 
the  power  handling  capabilities  of  the  transmitter  section,  the  lower 
efficiency  of  the  later  group  would  require  operating  the  amplifiers  above 
70 °[o  of  maximum  capability  to  maintain  satisfactory  source  level  (Figure  l) . 
This  additional  load  will  reduce  the  transmitter  reliability. 

There  are  no  specific  measures taken  in  the  AH/SQS-23  or  the  TRAM  modi- 
fication to  insure  velocity  control  of  the  active  array.  In  fact  there  is 
no  information  available  regarding  the  degree  of  velocity  control  inherent 
to  the  unmodified  array.  Additional  studies  should  be  instituted  to  deter- 
mine if  increased  velocity  control  is  needed.  If  more  velocity  control  is 
required  the  study  will  have  to  determine  what,  if  any,  measures  can  be 
used  to  accomplish  this  goal.  An  investigation  to  determine  the  cause  of 
the  internal  acoustic  reflections  present  in  the  Massa  TR-20S  ar.d  possibly 
the  Harris  TR-191  transducers  should  be  undertaken.  The  cause  and  cure  of 
these  reflections  should  be  known  so  that  proper  action  can  be  taken  to 


eliminate  the  oroblem. 
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MSmiNDUlI 

Prom:  J.  S.  Hickman,  Come  3I0O 

To:  Harvey  KLee,  Code  21  vO 

Sub  j : NHL ' c S 0.5-25  Program;  comments  concerning 

1.  As  an  opening  statement,  1 would  like  to  reiterate  what  you  told  me 
yesterday.  As  de Pined,  by  3USHIPS,  ESL's  SQS-23  Program  is  concerned  with 
the  analysis  of  the  processing  equipment,  built  by  Sperry,  vhich  inter- 
faces with  the  transducer -transmitter  complex.  This  complex  is  to  be  CPS  - 
the  improved  transmitter  (called  TRAP)  to  be  built  by  Sangamo  and  the 
transducer  to  be  built  primarily  by  Karris  and  Massa  with  some  hazy  con- 
tributions by  others. 

2.  The  specific  areas  of  concern  are,  that  to  your  knowledge : 

(a)  Ho  one  is  addressing  himself  specifically  to  the  vitally  important 


(b)  No .investigations  have  been  made  to  determine  whether  or  not,  and 
over  what  bandwidth,  the  transducer  array  has  velocity  control  in  the  pr esc 
mode  of  operation.  This  is  of  even  greater  concern  because  in  the  retrofit 
equipments,  the  bandwidth  requirements  may  be  greater.  Parenthetically, 
'they'  say  this  is  feasible  because  the  'Qg  bandwidth  is  broad  enough  - 
but  what  is  the  velocity  control  bandwidth? 


(c)  The  transducer  was  hypothesized  as  being  adequate  on  the  basis 
of  source  level  and  directivity  patterns.  To  date,  no  one  at  NHL  has 
been  able  to  pin  down  where,  how  and  or.  what  kind  of  transmitter - transducer 
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k.  What  is  the  Transducer  Division  to  do?  Unless  this  is  a very  unusual 
situation,  nothing  short  of  a full-blown  analysis  of  the  element  and  array 
■will  give  you  the  answers  you  need.  In  the  case  of  the  CQS-26,  this  type 
of  analysis  tool  all  our  scientific  personnel  over  four  months  on  a crash 
oasis.  Even  if  ve  had  nothing  else  to  do  (which  is  a large  joke  considering 
our  100$  current  over -commitment  ),  we  could  not  possibly  supply  you  with 
this  type  of  information  within  your  time  frame.  What  we  might  hope  to 
do,  however,  is  to  point  out  the  facts  of  paragraph  (2)  to  appropriate 
people  here  and  at  EUSHIPS  and  hope  that  they  will  he  as  frightened  as  ve 
are . Maybe  that  would  prevent  another  fiasco. 


& L ^ — 
/Zj : S.  HICKMAN 

Head,  Transducer  Division 


I.  TASK  NUMBER 


II.  TASK  TITLE : Wave  Period  Processor  (WP?) 

III.  INVESTIGATOR(s)  : K.  Klee,  3.  Hart 

IV.  CONCLUSIONS 

A.  Recommended  Chg.-P.~es  to  Soccjf icaticn. 

The  specifications  covering  the  Wave  Period  Processor  must  be 
modified  as  indicated  in  the  following  paragraphs . 

1.  Correct  paragraph  3 -3. 1.1.1  to  read: 

a.  ...  Transmission  of  4 ms,  32  ms  or  128  ms  pulse  lengths 
in  the  CW  Mode  "with  the  frequency  centered  at  either  4.5  kc  or  5.5  kc". 

b.  ...  Transmission  of  "32  ms  or  128  ms  pulse  lengths"  of 

a linear  FM  slide  over  a band  of  400  cps  "centered  either  at  4.5  kc  or  5-5  kc" 
shall  be  a minimum  of  135  db. 


c.  ...  shall  be  120  db  "for  pulse  length  of  4 ms,  32  ms,  or 
128  ms  with  the  frequency  centered  at  either  4.5  kc  or  5 • 5 kc". 

2.  Change  paragraph  3. 4. 4. 3. 2 to  read: 

...  x 200  cps  about  the  center  frequency.  "The  slide  time 
shall  be  128  ms  for  the  123  ms  pulse  length  and  32  ms  for  the  32  ms  pulse 
length". 

3.  Add  to  paragraph  3*4. 5*1.4  the  following  part: 

(f)  "The  attenuation  must  roll  off  to  100  db  as  specified  and 
must  never  become  less  than  100  db  anywhere  within  the  passbar.d  of  the  trans- 
ducer. Outside  of  the  transducer's  passband  the  combined  attenuation  cf  the 
filter  and  transducer  must  always  be  at  least  ICO  do." 

4.  Correct  paragraph  3 .4. 5. 3 to  read: 

a.  The  unit  shall  be  capable  of  processing  the  "l?o  m- " CW 


h the  128  and  32  ms"  7m  slide  pulses  "from  high  fro. 


.u<ju  -y 
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to  lev  frequency,  or  fror.i  low  frequency  to  high  frequency"  as  specified  in 

O li  )• 

J • r • 'r  • 0 • 

b.  (b)  48  clippers  "with  line  drivers". 

c.  (i)  "output  memory  unit" 

5.  Change  paragraph  3* 4. 5. 3* 3 to  read: 

a.  Each  of  the  4S  digitizers  shall  contain  a "1 6"  period 

"tliTiOi*  • ••••• 

b.  The  "l6 " period  timer  shall  generate  a gating  pulse  for 
the  duration  of  "lo"  periods  .... 

c.  Add  part  (a)  "Each  digitizer  is  sampled  in  sequence  and 
reset  by  the  timing  control  unit  every  1.11  milliseconds." 

6.  Change  paragraph  3. 4. 5* 3*^  to  read: 

The  timing  accuracy  of  all  frequencies  supplied  "by"  the  TCU  . 

7.  Change  paragraph  3*4. 5*3*6  to  read: 

Zone  digit  accumulation  "of  123  stored  samples  for  the  123 
millisecond  transmission  or  of  32  stored  samples  for  the  32  millisecond 
transmission"  and  shall  also  control.  . . . 

8.  Change  paragraph  3*4. 5 *3-7  to  read: 

The  control  shall  be  accomplished  by  storing  two  (2)  24  sample 
accumulations  "on  the  123  millisecond  transmission"  for  each  of  the  43  in- 
put channels. 

3.  Surest:.:  ?:  - rovr .s_ 

1.  Incorporate  target  level  compensation  for  the  32  millisecond 
mode  if  uossible. 
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Transmission) . It  would  also  eliminate  the  error  in  ODN  (Transmit  only) 
caused  by  maneuvering. 

3-  Target  Doppler  Nullification  would  provide  full  processor 
gain  from  the  Wave  Period  Processor  for  high  doppler  targets  when  using 
the  FM  Transmission  Node.  (See  Graph  if  2) . 

C . Need  for  Further  Investigation 

1.  The  feature  of  electronic  ping -to -ping  integration  could  be 
accomplished  in  the  display  memory  with  sorr.e  additional  cost  and  effort. 
Continued  analysis  would  be  necessary  to  determine  if  any  improvement  over 
the  ping-to-ping  integration  obtained  on  the  CRT  (Cathode  Ray  Tube)  could 
be  noted  and  that  if  this  improvement  would  justify  the  addition. 

2.  Criteria  for  extrapolating  ROC  curves  for  low  false  alarm 
rates  should  be  obtained.  TRACOR  has  the  computer  program  for  accomplishing 
this  task  with  a minimum  amount  of  effort. 

3-  No  target  level  compensation  on  the  32  millisecond  FM 
transmission  mode  is  provided.  Little  anticipation  of  the  measured  sigr.al- 
to-noise  ratio  is  provided  when  2k  of  the  32  counts  are  used  for  this  feature 
Additional  analysis  is  needed  to  optimize  the  number  of  counts  to  provide 
adequate  target  level  compensation  in  the  32  multisecond  FM  mode. 

V.  DISCUSSION 

The  technique  of  Wave  Period  Processing  was  developed  under  Navy  Con- 
tract NObsr  T(olk}  as  part  of  a program  to  further  the  state-of-the-art  in 
sonar  signal  processing.  This  method  of  signal  processing  uses  only  the 
information  contained  in  the  wave  period  or  axis  crossover  points,  as  the 


amplitude  information  is  lost  due  to  clipping.  By  storing  this  wave  period 


U-Vui  

information  ar.d  computing  certain  statistical  properties  of  this  stored  data, 
an  out  nut  solution  car.  be  orevided. 


CW  and  FM  modes.  The  primary  mode  will  be  the  123  or  32  millisecond  ?K 
pulse  with  a linear  frequency  sweep  of  ± 200  cps  about  the  center  frequency. 
The  secondary  mode  will  be  the  123  millisecond  CW  pulse,  which  is  more 
effective  than  the  FM  mode  for  weak  signal,  high  doppler  targets  in  the 
reverberation  phase  of  the  return  signal. 


A . Subsystem  Requirements 

1.  The  WPP  will  consist  of  18  target  level-compensation  mixers, 

18  clippers  with  line  drivers,  18  digitizers,  a Timing  Control  Unit  (TCU), 
a Magnetic  Core  Memory  (MCM),  an  Arithmetic  Unit  (AU)  and  an  Output  Memory 
Unit  (OMU).  If  all  the  subsystems  listed  above  adhere  to  the  specif ieatior.s, 
the  WPP  should  meet  its  performance  requirements. 

2.  Target  level-compensation  - The  target  level-compensation  was 
initially  intended  for  the  128  millisecond  pulse  transmission  and  no  pro- 
vision has  been  made  for  target  level-compensation  during  the  32  ms  trans- 
mission pulse.  This  area  should  be  recommended  for  continued  investigation. 
Cook  Electric  Company  has  indicated  a need  for  future  investigation  of  target 
level-compensation  on  the  32  ms  FM  pulse  transmission. 
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£ digiual  computer  by  TRACOR^  Inc.  Some  changes  and 
assumptions  were  made  for  the  benefit  of  the  simulation  process  but  in 
basic  theory  the  simulation  process  agrees  fully  with  the  operation  of  the 
WPP.  The  results  of  the  simulation  are  shown  below  in  Table  I.  Included 
i n xable  ior  compamson^  are  u.ie  two  (2)  performance  recuirements  giver, 

in  the  revised  specifications. 


Range 

Scale  in  Kyd 


Theoretical 
Simulation 

K)jn  128  ms  (S/K)ik  128  ms  (S/k)^  32  m, 
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PAB12  I. 


Average  signal  to  noise  ratio  required  at  the  input  to  the  V.??  for  5 
background  events  per  display  cycle  to  provide  a detection  probability 
of  50/2  FX  mode  of  transmission. 
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From  Table  I it  can  be  seen  that  the  specifications  allow  approximately  a 
2 db  safety  factor  in  both  cases.  From  this  standpoint,  the  performance 
requirements  given  in  the  specifications  are  veil  within  reason  and  should 
be  easily  attainable. 


2.  Signals  were  added  to  the  noise  at  various  signal-to-noise 
ratios,  into  the  simulated  W?  and  the  resulting  processing  gain  curves  are 
plotted  in  C-raph  {- 1.  Also  shown  for  comparison  in  Graph  yl  are  the  theoreti- 
cal processing  gain  curves  furnished  by  Sperry.  It  is  apparent  that  the 
processing  gain  curves  for  BI  (Bandwidth,  Time)  = 50,  derived  from  both 
the  Sperry  and  TEA COR  models  of  the  V??,  agree  within  certain  limits.  The 
Sperry  data  for  3T  = 12.5  was  not  available  but  the  predicted  curve  is  shown 
as  a.  dashed  line. 

• Owr.  e-  ?'-ii  i f-  ?at~'.on  (OSX)  - 0D1T  is  provided  on  trar.s.nissic 

only.  This  means  that  two-way  doppler  is  compensated  for  at  the  transmission 
frequency  and  providing  the  ship  keeps  the  same  heading  the  return  signal 
will  be  correctly  Oil'd.  If  the  ship  maneuvers,  the  error  in  01N  will  be 


a function  of  the  change  in  ship's  heading. 


This  error  will  not  have  a r.y 


noticeable  effect  on  the  Fa  mode.  In  the  C'.-J  mode  this  error  will  show  up 
in  the  output  solution  as  false  targets.  In  one  omnidirectional  transmission 
(0DT),  no  ODN  can  be  provided.  Therefore,  as  far  as  the  ’■.*??  is  concerned, 
only  Fa  transmission  pulses  will  work  in  C IT. 

Target  Do vole?  - In  the  CW  mode,  the  V??  has  more  processing 
gain  as  the  target  coupler  increases.  In  the  ?y.  mode  the  processing  gain 
starts  to  decrease  for  target  doppiers  in  excess  of  5 knoos.  This  decrease 
in  processing  gain  versus  target  range  rate  is  shown  in  Graph  -]2.  For  an 
average  targes  range  rate  of  30  knots  it  can  be  seer,  that  from  Gr  .oh  -.2  the 


1 
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decrease  in  processing  gain  or  the  VJ?P  is  only  l db.  This  decrease  in 
processing  gain  could  be  corrected  in  one  of  two  vays : 

(a)  Target  Doppler  Nullification  or 

(b)  Increasing  the  bandwidth  of  the  input  filters. 

The  first  method  would  be  uhe  most  satisfactory  as  increasing  the  bandwidth 
would  cause  mutual  ship  interference  problems.  It  is  questionable  whether 
a 1 db  improvement  in  processing  gain  would  Justify  the  additional  cost  and 
effort  of  providing  target  doppler  nullification. 

Mi-tu--'  I fh.in  Inner '“ere.-  ;e  - The  criterion  for  worst  case  mutual 
ship  interference  is  calculated  for  a range  of  1000  yards  between  ships 
traveling  at  30  knots.  Maximum  doppler  spread  occurs  for  the  two  ships 
when  they  are  traveling  in  the  same  direction  with  a receiving  main  lobe 
looking  at  a transmitter  side  lobe.  This  maximum  spread  is  approximately 
400  cps.  The  above  conditions  require  the  filters  to  be  down  ICO  db  or 
greater  at  the  maximum  ?M  doppler  frequency  spread.  The  above  data  and  the 
frequency  characteristics  of  the  proposed  filters  are  shown  in  Graph  y3. 

From  this  graph  it  can  be  seen  that  the  filter  characteristics  given  in 
the  revised  specifications  are  adequate. 
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I.  TASK  NUMBER:  15 

II.  TASK  TITLE:  Signal  Processing 


III.  INVESTIGATOR(s) : W.  E.  Klund  (with  assistance  from  A.  F.  Y/ittenborn, 

H.  R.  Courts,  TRACOR.  Prepared  by  Dr.  3.  M.  Brown, 
TRACOR) 


iv.  conclusion."; 

A.  Recommended  Changes  to  Specification 

1.  Replace  Section  3.3.1.1.3(b),  (c),  (d)  and  (e)  with: 

(b)  "Y7PP  - 128  ms  FM  pulse  (32  kyu  scale)  with  on  input  rms 
signal  to  rms  noise  ratio  introduced  into  the  active  clipper  amplifier  of  not 
more  than  plus  0.3  db,  the  probability  of  a return  in  the  range  bearing  bin 
containing  the  simulated  echo  shall  be  50$,  and  on  the  average  there  shall 
be  5 marks  in  range  bearing  bins  outside  the  one  of  interest  when  only  one 
ping  interval  is  completed.  This  is  not  intended  to  define  the  threshold 
setting  (and  marking  rate)  when  in  the  5_ping  integration  mode.  The  noise 
referred  to  in  this  paragraph  shall  be  Gaussian  with  bandwidth  characteris- 
tics as  specified  in  3. 2. 2. 4. 2. (b) . " 

(c)  "VTPP  - 32  ms  FM  Pulse  (32  Kyd  scale)  - Y7ith  an  input  rms 
signal  to  rms  noise  ratio  introduced  into  the  active  clipper  amplifier  of 
not  more  than  plus  7.3  db,  the  probability  of  a return  in  the  range  bearing 
bin  containing  the  simulated  echo  shall  be  50^,  and  on  the  average  there 
shall  be  5 marks  in  the  range  bearing  bins  outside  the  one  of  interest  when 
only  one  ping  interval  is  completed.  This  is  not  intended  to  define  the 
threshold  setting  (and  marking  rate)  when  in  the  5-ping  integration  mode. 

The  noise  referred  to  in  this  paragraph  shall  be  Gaussian  with  bandwidth 
characteristics  as  specified  in  3.2. 2. 4, 2. (b) . " 


( 


(d)  "WP?  - 123  ms  CW  pulse  (8  kya  scale)  - With  an  input 
rms  signal  to  rms  reverberation  ratio  of  not  more  than  the  amounts  indi- 
cated in  Figure  2 introduced  into  the  active  clipper  amplifier,  the  pro- 
bability of  a return  in  the  range  bearing  bin  containing  the  simulated  echo 
shall  be  50r/o,  and  on  the  average  there  shall  be  5 marks  in  range  bearing  bins 
outside  the  one  of  interest  when  only  one  ping  interval  is  completed.  This 
is  not  intended  to  define  the  threshold  setting  (and  marking  rate)  when  in 
the  5 ping  integration  mode.  Figure  2 holds  for  a reverberation  limited 
background  with  the  reverberation  to  broadband  b"JO  cps  noise  ratio  greater 
than  +30  db,  and  the  reverberation  spectrum  is  Gaussian  shaped  with  a band- 
width of  12  cps  at  the  half  power  points." 

(e)  "Sum  Difference  Scanner  32  ms  CW  pulse  (32  kyd  scale)  - 
In  the  search  mode,  when  an  rms  signal  to  rms  noise  ratio  of  not  more  than 
plus  11.3  db  is  introduced  at  the  input  to  the  scanning  switch,  the  probability 
of  a return  in  the  range  bearing  bin  containing  the  simulated  echo  shall  be 

50 $,  and  on  the  average  there  shall  be  5 marks  in  range  bearing  bins  outside 
the  one  of  interest  when  only  one  ping  interval  is  completed.  The  noise 
referred  to  in  this  paragraph  shall  be  Gaussian  with  bandwidth  characteristics 
as  specified  in  3-2.2.U.2. (b) . " 

2.  Replace  Section  3*3.1«2.2.(b)  with:  "3. 3. 1.2. 2. (c)  Passive 

^*<^5  oO  v r.Oi. £ r*c ^ tx 2 wt ^ 

minus  9 db  at  the  input  to  the  passive  clippers  under  the  following  con- 
current conditions  : 

(a)  a threshold  level  has  been  established  at  the  search 
integrator  scanner  output  which  will  pass  on  the  overage  only  the  outputs 
of  four  integrators  exclusive  of  the  one  containing  the  signal. 


lb 
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(b)  The  input  signal  level  has  been  adjusted  to  cause  the 
integrator  containing  the  correlogram  peak  to  exceed  the  established 
threshold  level  50 rt'o  of  the  time. 

(c)  One  second  integration  time  is  used. 

(d)  Only  one  scan  of  the  search  integrators  is  completed. 

(e)  Inputs  signal  and  noise  are  both  Gaussian  and  occupy  the 
band  of  1000  to  2500  cps." 

3.  Change  Figure  2 referred  to  in  3.3.1.1.3(d)  to  have  an 
abscissa  of  "TARGET  RANGE  RATE"  instead  of  "TARGET  SPEED". 

B.  Suggested  Improvements 

1.  The  sampling  rate,  8300  samples  per  second,  employed  in  the 
PADLOC  processor  provides  correlation  beams  with  theoretical  processing  gain 
sufficient  to  provide  performance  equivalent  to  the  -11  db  input  signal-to- 
noise  specification  mentioned  in  paragraph  3* 3. 1.2.2. (b)  when  the  target 

is  exactly  on  one  of  the  correlation  beams.  When  the  target  is  midway 
between  two  of  the  correlation  beams,  the  available  signal -to -noise  ratio 
is  down  4.6  db  and  there  are  two  beams  in  which  there  is  equal  oppoi'tunity 
for  detection.  These  4.6  db  holes  in  the  correlator  bearing  dependence 
result  in  processing  gain  degradation  of  2 db  when  averaged  over  azimuth. 

This  situation  is  not  materially  improved  unless  the  sampling  rate  and  number 
of  correlators  is  doubled. 

2.  The  sum  and  difference  scanner  is  a matched  display  as  long  as 
signals  are  observed  in  a noise  background.  Range  samples  are  not  indepen- 
dent when  the  32  ms  and  128  ms  pulses  are  used  and  the  background  is  rever- 
beration if  the  sampling  period  is  7.4  ms.  Clutter  will  be  distributed  along 
a given  bearing  as  triplets  in  range  with  the  32  ms  pulse  and  as  septets  in 
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range  with  the  12 8 ms  pulse.  If  the  sampling  rate  is  matched  to  the  rever- 
beration bandwidth,  the  noise  limited  clutter  appearance  will  be  similar  to 
the  reverberation  clutter  appearance.  The  displayed  target  will  extend  1-3 
bins  in  range  at  beam  aspect  and  3-30  bins  in  range  at  bow  aspect.  Target 
orientation  will  be  easily  discernible  for  32  ms  pulses  and  k ms  pulses. 
Sampling  periods  of  22.2  ms  for  the  32  ms  pulse  and  50  ms  for  the  123  ms 
pulse  appear  suitable  for  the  display  matching.  These  sampling  rates  pro- 
vide an  excessively  large  range  interval  on  the  display  (3900  and  8600  yards 
A compromise  must  be  made  between  the  clutter  behavior  and  the  require  dis- 
played target  size. 
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C.  Meed  for  Purther  Investigation 

1.  The  behavior  of  the  CW  statistics  of  the  vave  period  as  it 
relates  to  the  performance  of  the  WPP  and  the  DD  has  not  been  completed  at 
this  time.  This  analysis  also  can  be  easily  extended  to  provide  the 
statistics  necessary  to  determine  the  complete  ROC  for  the  PM  WPP  per- 
formance. Simulation  of  the  WPP  processor  by  digital  computer  is  the  most 
efficient  way  to  determine  the  overall  behavior  of  the  system  as  a function 
of  doppler  shift  and  input  signal-to-noise  ratio. 

V.  DISCUSSION:  Signal  Processing 

A.  INTRODUCTION 

This  discussion  presents  a brief  description  of  each  of  the  signal 
processors  to  be  employed  in  the  PAIR  system  and  an  estimate  of  the  limit in £ 
values  of  input  signal-to-noise  ratios  which  will  allow  50^  detectability 
with  specified  display  clutter.  The  performance  specifications  should  be 
relaxed  somewhat,  1 to  2 db  perhaps,  from  the  theoretical  limits. 

The  processors  included  in  this  study  are  listed: 

1.  The  Active  Processors 

a1.  The  Wave  Period  Processor 

b.  The  Audio  Channel 

c.  The  Sum  and  Difference  Scanner 

2.  The  Passive  Processor 

a . PADDOC 

(1)  Search 

(2)  Track 
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The  statistical  behavior  of  the  CW  wave  period  in  the  presence  of 
reverberation  and  noise  is  not  available  at  this  time.  It  is  to  be  simulated 
and  performance  of  the  wave  period  processor  with  CW  input  and  the  perform- 
ance of  the  doppler  discriminator  will  be  described  as  soon  as  the  results 
are  available. 

The  block  diagram  of  the  receiver  is  included  for  convenience 
as  Figure  1 under  Task  11. 

B.  THE  WAVE  PKRIOD  PROCESSOR 
1.  Equivalent  Operation  . 

The  description  of  the  behavior  of  the  wave  period  processor 
to  be  given  here  will  be  made  in  terms  of  "instantaneous"  frequencies.  The 
instantaneous  frequency  is  one-half  the  reciprocal  of  the  time  between  zero 
crossings'.  Its  success  as  a detection  system  requires  that  noise  alone  pro- 
duces a nearly  uniform  distribution  of  instantaneous  frequencies  over  the  band, 
while  signal  produces  a nearly  constant  instantaneous  frequency. 

The  operation  of  the  wave  period  processor  as  its  is  to  be  im- 
plemented measures  periods  T.  = T +6.  rather  than  instantaneous  fre- 
• 1 o 1 

quencies  = fQ  + & . In  these  expressions  Tq  is  the  central  period  in 

the  receiver  output,  6.  is  a particular  deviation  from  T , and  T.  is 

’ i * o’  i 

the  measured  period  of  the  it'n  period.  The  quantities  of  f , A.  . and  f are 

o'  x’  1 

the  corresponding  instantaneous  frequencies.  It  is  clear  that  if  the  in- 
stantaneous frequencies  are  uniformly  distributed  around  fQ,  that  the 
periods  are  almost  uniformly  distributed  also  because 


f + A. 
o 1 


A.  A. 

2 1 
f f J 

o o 


2 12 
= T - T A.  + T J A.  . . 

0 0 3 O 1 
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deviates  from  linearity  in  A.  by  less  than  1$  for  A.  ~ 200  c/s 

max 

and  Tq  = l/20,000  c/s.  Hence  with  an  error  less  than  1^, 


2 

and  fu  — - Tq  A^  are  almost  equivalent  representations  of  the  samples  pro- 
cessed by  the  wave  period  processor.  This  approximation  becomes  very  poor 
as  the  data  bandwidth  to  center  frequency  ratio  increases. 

The  description  of  operation  which  follows  is  built  around  the 
response  of  the  pi*ocessor  when  processing  a 3 = 400  c/s,  T - 128  ms  up  slide 
centered  at  f = 20,000  c/s.  The  description  is  given  in  terms  of  instan- 
taneous frequencies. 

The  statistical  wave  period  processor  can  be  simulated  as  shown  in 
Figure  1.  The  system  input  data  enters  an  instantaneous  frequency  analysis 
processor  where  the  average  time  required  for  a complete  cycle  is  measured. 

A length  of  data  equal  to  the  pulse  length  T divided  by  k,  the  number  of 
frequency  samples  determined  per  pulse  length,  is  used  in  determining  the 
average  period.  The  reciprocal  of  these  times  is  transferred  to  the  next 
stage.  Typical  instantaneous  frequencies  ore  shown  in  the  upper  part  of 
Figure  2. 

The  instantaneous  frequencies  enter  the  demodulation  phase  where 
they  are  grouped  into  successive  T second  segments.  Each  segment  is 
added  term  by  term  to  0 linear  sequence  varying  from  - fQ  + 200  to  - f - 200 
in  T second.  (This  sequence  comes  from  the  instantaneous  frequencies  of 
the  signal. ) 
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FIG.  2 -the  instantaneous  frequency  BEHAVIOR 
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The  data  are  then  sorted  twice  as  follows:  if  the  ith  input 


sample  to  the  sort  stage  is  denoted  by  s^  then  the  ith  sample  of  the  fir~t 
output  channel  is  f^,  where 


, +1  -COO  £ st  £ -400 

-200  £ si  £ 0 

fi  = +200  5 s.  £ +400 

i 

+600  £ s.  ^ +800  etc. 

i 

-1  otherwise 


and  the  ith  sample  of  the  second  output  channel  is  where 


-500  £ si  £ -300 

-100  £ s.  £ +100 
i 

+300  5 b.  s +500  etc. 


gi  = 


otherwise 


Each  of  the  two  outputs  is  averaged  over  T second  and  rectified.  Then  the 
two  channels  are  "0R"ed  together  for  the  system  output. 

The  processor  was  simulated  as  described  above  using  as  0.5 
second  input  100  c/s  FM  sweeps  and  stationary  Gaussian  noise  of  nominally 
100  cps  bandwidth.  See  Figure  3®  for  a power  density  plot  and  Figure  3°  for 
a cumulative  power  plot  of  the  input  noise.  These  signal  characteristics 
were  available  in  recorded  sea  data  and  served  to  check  the  theoretical 
behavior  expected  of  the  wave  period  processor.  Figure  4 is  the  measured 

output  cumulative  probability  function  for  noise  alone  plotted  in  the  normal- 

T - x 

ized  coordinates  of  P(x  s T)  versus  where  x is  the  mean  of  the 

a 

output  and  a is  the  standard  deviation  of  the  output.  Figure  4 was  ex- 
tended theoretically  as  follows:  Fach  channel  of  output  of  the  sorter  is  a 
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sequence  of  Bernoulli  trials  with  an  even  chance  of  +1  or  -1.  The  output 

of  the  averager  is  a binomial  distribution  corresponding  to  5 0 trials. 

The  figure  of  50  independent  samples  was  estimated  from  the 

fact  that  there  were  100  independent  samples  in  a l/2  second  signal  of  100  cps 

bandwidth  and  it  was  assumed  that  50  independent  samples  of  the  100  were  lost 

when  the  amplitude  information  was  discorded  in  the  frequency  analyzer. 

The  simulation  of  the  processor  behavior  for  0.5s,  100  c/s 

pulses  is  the  same  as  r,he  behavior  for  123  ms,  100  c/s  pulses  because  both 

pulse  forms  have  a BT  product  of  nearly  50.  Figure  5 shows  the  probability 

T - x 

of  clutter  as  a function  of  for  BT  = 50  and  for  10  and  20  trials  as 

"C7 

well.  The  23  ms,  bOO  c/s  pulse  corresponds  to  12.5  trials,  but  from  Figure  5 
little  difference  can  be  seen  between  the  plots  for  different  values  of  n. 

It  has  been  shown*  that  if  the  input  and  output  of  the  "OR" 
gate  are  compared,  the  output  will  have  a higher  mean  and  a slightly  changed 
standard  deviation.  It  was  assumed  that  the  effect  of  the  "OR"  process  on 
the  standard  deviation  was  negligible.  The  mean  of  the  theoretical  curve 
was  modified  so  as  to  yield  the  best  agreement  between  it  and  the  experi- 
mental cumulative  probability  curve.  This  agreement  is  good  in  the  range  of 
overlap . 


Signals  were  added  to  the  noise  at  input  sign 
rsoios  of  -6  do,  -2  do,  0 do,  +6  do,  tip  do,  and  for  BT 
The  output  signal-to-r.oise  ratios  are  plotted  as  a function 
to-noise  ratio  in  Figure  6.  It  should  be  emphasized  that  i 
noise  ratios  are  average  to  overage  ratios  while  the  output 
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ratios  are  peak-to-average  ratios.  The  upper  curve  is  asymptotic  to  21.3  db 
at  large  signal-to-r.oise  ratios  end  approaches  a slope  of  tvo  for  small 
signal-to-r.oise  ratios.  The  lower  is  asymptotic  to  15.2  db.  Scaling  to 
other  BT  product  is  accomplished  by  a vertical  shift  determined  by  the 
variation  of  10  log  BT. 

Figure  7 is  a detection  nomograph  prepared  from  the  probability 

of  clutter  curve  (Figure  5)  and  Figure  6.  The  only  transformation  in  graphi- 

— x 

cal  form  is  the  expressing  of  threshold  — in  decibels  and  plotting  the 
tvo  curves  with  the  db  threshold  scale  in  coincidence  with  the  output  signal- 
to-noise  ratio  curve  on  the  processing  gain  curve.  One  chooses  the  inde- 
pendent sample  clutter  probabilty  at  which  he  wishes  to  work,  draws  a vertical 
line  to  the  clutter  probability  curve,  reads  the  threshold  at  which  he  must 
operate  in  db,  draws  a horizontal  line  to  the  processing  gain  curve  corres- 
ponding to  the  signal  BT  product.  From  this  intersection  a vertical  line  is 
drawn  to  the  input  signal-to-r.oise  ratio  curve.  The  value  read  there  is  the 
processor  input  signal-to-r.oise  ratio  which  will  allow  a detection  pro- 
bability of  0.5. 

2 . The  iv, tr  Bisplev 


As  it  is  presently  specified,  the  PAIR  active  display  will  be 
arranged  so  that  independent  events  can  be  displayed  on  J;8  beams,  each  of 
which  will  have  US  discrete  range  increments,  independent  of  the  actual  total 
range  displayed.  Marks  will  be  displayed  radially,  in  F?I  format,  with 
sufficient  capacity  to  allow  for  the  presentation  of  n 5-ping  history. 


a peak  detector.  For  a single  echo  ranging  cycle,  there  will  be  about  2300 
opportunities  to  mark  on  the  display.  If  we  wish  to  limit  the  average  number 
of  marks  per  echo  ranging  cycle  to  n,  then  the  basic  marking  probability, 
p,  per  display  bin  needs  to  be 

_ n 
P “ 2300  ' 

_3 

For  the  special  case  of  5 marks  per  echo  ranging  cycle,  p 2.2  x 10  . 

As  mentioned  above,  the  wave  period  processor  has  two  parallel 
output  channels,  which  are  OR-ed  to  give  a single  output  channel.  At  the 
low  marking  probabilities  under  consideration  here,  the  marking  probability 
from  a single  channel,  p^,  is,  therefore,  given  by 

T> 

P1  **  2 

-3 

wnich  is  approximately  1.1  x 10  per  bin  per  channel. 

Consider  now  the  case  of  a 128  ms  linear  FM  slide  transmission 
with  a k-00  cps  bandwidth.  Since  the  range  resolution  of  the  wave  period 
processor  is  determined  by  the  pulse  duration,  an  independent  range  sample- 
covers  approximately  0.105  kyd  in  range.  The  range  increment,  AH,  which 
must  be  contained  in  each  range  bin  of  the  display  as  a function  of  each 
range  scale  of  interest  here  is  shown  in  Table  I.  Also  shown  ere  the 
number  of  independent  range  samples  which  must  be  serially  OR-ed  in  order 
to  match  the  receiver  output  to  the  display,  n is  the  ratio  of  the  range 
increment  to  the  length  of  an  independent  range  sample . 


TABUS  I 


Number  (n)  of  Independent  Samples  Serially  OR-ed  Into  a 
Single  Range  Bin  for  128  ms  and  32  ms  400  c/s  FM  Sweeps 


Scale  (kyd) 

Increment  (kyd) 

n(l28  ms) 

n(32  ms 

32 

0.667 

6.35 

25.4 

16 

0.333 

3.17 

12.7 

8 

0.167 

1-59 

6.3 

4 

0.084 

.80 

3.17 

2 

0.042 

.40 

1.59 

The  length  of  an  independent  range  sample  when  using  the  32  ms  pulse  is 
0.02o2  kyd.  The  values  of  n in  the  column  labeled  128  ms  are  computed 
with  the  ratio  &R/0.105;  those  in  the  column  labeled  32  ms  are  computed  with 
the  ratio  AR/0.02o2. 

When  the  probability  of  marking  in  a single  range  display  in- 
terval  is  p^  = 1.1  x 10  , the  probability  p of  marking  by  a single 

independent  range  sample  can  be  computed  using  the  expression. 


Px  = 1 - (1  - P)n  . 


iO  &X, 


(l  - P)  is  the  probability  that  a single  independent  range  sample  will  not 
exceed  the  threshold;  (l  - P)n  is  the  probability  that  none  of  n samples 
will  exceed  the  threshold;  the  complement  of  this  probability  is  that 
least  one  of  the  n samples  will  exceed  the  threshold  and  mark. 

For  the  small  marking  probabilities  P involved,  the  parenthesis 
can  be  expanded  so  that  no  a very  good  approximation, 

p b £l  1.1  x 10~3 
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One  then  enters  the  processing  gain  plot  in  Figure  7 with 
(s/n)  £ to  determine  the  corresponding  processor  input  signal-to-noise 

(average-to-average)  ratio.  The  values  for  128  ms,  400  c/s  sweep  signals 
are  read  from  the  curve  marked  BT  = 50;  the  values  for  32  ms,  400  c/s  sweep 
signals  are  read  from  the  curve  marked  3T  = 12.5. 

The  results  obtained  by  carrying  out  this  process  for  each 
range  scale  and  each  pulse  form  are  shown  in  Table  III.  These  results  are 
plotted  in  Figures  8(a)  and  8(b), 

TABLE  III 

Average  Signal  to  Average  Noise  Ratio  Required  at  the  Input 
to  the  Wave  Period  Processor  for  5 Background  Events 
Per  Display  Cycle  to  Provide  a Detection 
Probability  of  0.5 


Range  Scale  32  (kyd) 

(S/N)  (123  ms) 

(S/N)in  (32  ms) 

32  (kyd) 

-0.6  ab 

6 db 

1 6 

-0.8 

5.5 

8 

-1.2 

4.7 

4 

-1.6 

4.0 

2 

-1.9 

3.5 

The  same  performance  can  be  expected  from  the  CW  pulses  for 
high  Doppler  targets  if  the  reverberation  band  is  "notched"  out  or  in  a noise 
limited  condition.  The  low  doppler  target  echo  falling  within  the  reverbera- 
tion band  is  a much  worse  situation;  this  c edition  of  observation  is  to  be 


avoided  by  using  the  FM  sweep  signal. 


The  wave  period  processor  is  nos  implemented  in  this  way  for 
CW  operation.  The  notch  is  built  into  the  processor.  The  detection  pro- 
bability depends  upon  the  distortion  of  the  reverberation  wave  period 
statistics  for  CW.  An  independent  determination  of  these  atal  Lai  Lei  Li 
avails  ole  at  this  time. 
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linear  correlator  detection  performances  are  compared  in  Figure  9>  The 
processors  are  compared  at  the  same  clutter  rate.  This  type  of  comparison 
takes  proper  account  of  the  processor  output  bandwidth,  the  output  statistics, 
and  the  available  processing  gain. 

Compared  on  this  basis  the  wave  period  processor  requires  a 
larger  input  signal -to -noise  ratio  than  the  other  processors.  Its  primary- 
advantage  is  that  it  is  automatically  normalized  so  that  it  overcomes  the 
main  difficulty  encountered  with  the  detector  averager.  This  advantage  is 
undoubtedly  responsible  for  its  superiority  to  the  detector  averager  in 
field  tests.  While  there  are  good  indications  that  the  linear  correlator 
can  be  normalized  in  a reliable  manner,  equipment  for  doing  this  on  a real 
time  basis  has  not  been  constructed. 

B.  PAIR  PASSIVE  PROCESSOR 

1 . The  System  Description 

The  passive  system  utilizes  the  two  hydrophone  arrays  which 
are  separated  on  the  hull  by  60  ft.  A total  of  beams  are  formed  with 
each  transducer  utilizing  conventional  beamforming  techniques.  The  outputs 
of  corresponding  beams  (those  with  the  same  bearing  3)  in  the  two  arrays  are 
clipped  er.d  cross  correlated  with  a number  of  delays  centered  around  the 
delay  A0, 


Ao  * 


60  Cos  3 


corresponding  no  the  delay  ; etwee r.  array  centers  for  the  bearing 


*.c  v i ci  s our. a . 
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The  response  of  a single  frequency  correlator  of  this  type  is 


shown  in  Figure  10.  The  output  is  maximum  when  the  delay  A employed  in 
the  correlation  is  equal  to  the  difference  in  signal  arrival  time  A,-,  at 
the  two  arrays  from  the  target.  The  output  is  zero  when  the  value  of  A 
is  one  quarter  of  a wave  period,  X/lC,  from  A^' . The  processing  gain  is 
down  3 d’o  from  its  maximum  value  when  the  value  of  A - Ay  Is  0 . 2lAc  or 
about  0.075  wave  periods. 

The  clipper  cross  correlator  employed  in  passive  search  is 
a relatively  wide  band  device,  covering  the  band  from  1.0  kc/s  to  2.5  kc/s. 

If  the  passive  signals  in  this  band  are  prewhitened  then  the  average  loss 
across  the  band  because  of  use  of  a value  of  A differing  from  A„  is  deter- 
mined to  a good  approximation  by  the  loss  at  the  band  center  fc  - 1.75  kc/s. 

The  sampling  frequency  is  8.3  kc/s  so  that  the  center  frequency 
issampled  If-. 75  times  per  cycle.  It  follows  that  only  delays  spaced  at  0.2x 
of  the  center  frequency  wave  period  are  available  for  the  correlation  pro- 
cess. This  spacing  guaranties  that  the  ideal  delay  required  for  a target 
on  a given  bearing  will  never  differ  from  an  available  correlator  delay  by 
more  than  l/2(0.2l)=  0.105  center-frequency,  wave  periods.  Figure  10  shows 
that  with  this  delay  error  the  clipper  correlator  processing  gain  in  1.5  db 
below  its  optimum  value.  Furthermore  the  degradation  is  more  than  3 db  for 
25$  of  the  azimuths  to  be  surveyed.  The  sample  rate  would  have  to  be  raised 
to  approximately  11,7  kc/s  to  maintain  the  processing  gain  within  3 db  of 
the  optimum  value  at  all  azimuths.  Doubling  the  sampling  rate  is  required 
to  keep  the  loss  in  processing  gain  less  than  2 db  at  all  azimuths. 

The  angular  spacing  25  between  correlation  beam  centers  is 


related  to  the  err^y  beam  bear i n 


by  the  expression 
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This  reduces  to 


Cos  3 - Cos  [3+  6]  = - ^-yV^Sv''  = 0.C050. 


60  (1750) 


26  2: 


0.75 


Sin  3 

when  6 is  expressed  in  decrees.  The  quantity  26  is  the  separation  between 
adjacent  correlation  beam  centers.  Values  of  26  are  listed  in  Table  IV  for 
several  array  beam  bearing  values.  The  number  of  correlation  beams  per  1>° 
array  beam  is  given  as  well. 


TABLE  IV 

Correlation  Beamwidths  and  Ko.  of  Beams  Per 
Array  Beam 

Beam  Separation 


(degrees) 

(degrees) 

O 

O 

£5 

7-5 

4.4° 

3 

22.5 

1.5 

10 

37.5 

0.94 

16 

52.5 

0.72 

21 

67.5 

0.68 

22 

82.5 

0.59 

25 

The  total  number  of  integrator  channels  is  four  times  the  sum  of  the  column 
headed  "Number  of  Beams".  This  is  in  agreement  with  the  number  given  ir.  the 
original  specifications.  This  number  of  integrators  provides  a processing 
gain  2 db  below  optimum  averaged  over  all  azimuths  with  the  worst  degradatior 
(4.5  db  down)  midway  between  correlation  beam  centers. 

2.  The  Detection  Performance 

Detection  performance  of  the  PAIR  system  in  the  passive  mode 
can  be  predicted  using  the  same  techniques  utilized  in  the  active  system. 

The  firsu  step  is  the  construction  of  the  curves  showing  probability  that  0 


J 


given  r.oise  sample  at  the  processor  output  will  exceed  a threshold  (T  - k*)/a. 
The  second  is  the  determination  or  the  relationship  between  processor  output 
and  input  signal -to -noise  ratio. 

The  clutter  statistics  are  easily  obtained  because  large  3T 
products  are  involved  and  the  output  si  :tistics  are  guaranteed  Caussiar. 
by  the  central  limit  theorem.  The  left  portion  of  the  nomograph  in  Figaro 
is  a plot  of  the  clutter  probability  as  a function  of  (T  - x)/a  expressed 


in  decibels. 


The  relationship  between  the  processor  output  and  input  sigr.al- 


to-noise ratios  for  the  clipper  cross  correlator  is  shown  in  the  right 


and  averaging  times  are  determined  by  the  well  known  expression  given  by 
Far^n  and  Hills  for  the  clipper  cross  correlator, 


(S/K), 


1.725  BT  [Sir.-1 


(S/N).  / 

1 + S/a~~J 


Scaling  for  other  3T  products  is  accomplished  by  shifting  the  curves  verti- 
cally according  to  the  variation  of 


10  log  3T 

from  one  curve  to  the  next. 

In  order  to  determine  the  detection  performance  at  a given 
clutter  probability,  one  enters  the  lefu  portion  at  the  specified  clutter 
probability,  goes  vertically  to  the  clutter  curve,  then  horizontally  from 
thio  po*no  uO  wie  curve  nevir.g  .i.s  operational  3T  procuct,  tr.er.  vorui.ca*.ly 
dov.Ti  to  the  input  signal-to-uoise  ratio  required  to  provide  0 . >0  detection 
probability. 


.vj.  1; 
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A result  of  this  procedure  is  shown  in  Figure  12,  where 
required  input  signel-to-noise  ratio  is  plotted  vertically  as  a function 
of  clutter  points  per  sweep  across  4co  integrators. 

A similar  perfor.rjar.ee  curve  has  been  plotted  for  the  passive 
search  model.  For  this  mode  the  number  of  integrators  per  array  bean  varies 
with  array  bom  homing  as  shown  in  T-'-'e  TV.  The  track  function  con  bo 
carried  out  with  the  1.0  to  1.8  kc/s  bandwidth  or  with  the  1.0  to  2.5  kc/s 
bandwidth.  The  plot  showing  expected  search  performance  will  therefore 
depend  upon  array  beam  bearing  (because  the  number  of  correlator  beams  de- 
pends upon  array  beam  bearing)  and  the  number  of  noise-alone  threshold 
crossings  allowed  per  unit  time. 

The  number  of  independent  samples  per  unit  time  is  Just  the 
number  u-  as  given  in  Table  IV.  If  ? represents  the  clutter  rate  in 
total  clutter  points  per  second,  then  the  probability  of  occurrence  of  a 
clutter  point  on  a single  independent  sanole  is 


P = F/n  , 


since  an  independent  sample  occurs  ir.  each  channel  each  second.  For  each  F 
to  be  plotted  on  the  performance  graph,  ? is  computed  as  shown  using  the 
value  of  n from  Table  IV  for  the  beam  bearing  under  study.  The  lefu  side  of 
the  graph  in  Figure  11  is  entered  with  ?.  A vertical  line  is  drawn  wo  the 
clutter  rate  graph.  Fro...  this  intersection  point  a horizontal  line  is  draw.-, 
to  the  processing  gain  curve  corresponding  to  the  3T  product  of  the  processor. 
From  this  inters c si  or.  point  a second  vertical  line  to  the  input  sigr.al-to- 
noise  ratio  axis  provides  the  processor  input  signs  1-to-r.oise  ratio  for 
0.50  detection  probability.  The  results  of  such  a construction  are  shown 


in  Figure  13.  The  resulting  curves  ere  rather  shallow,  2-3  decades  of 
clutter  rate  change  being  necessary  to  lower  the  input  sigr.al-to-noise 
ratiofor  0.50  detection  probability  by  1 db. 

3.  TH3  SUM  A'.Tn  FT^T:'.2S:."’F  'R 


splay  has  provision  for  displaying  13  resolved 


bearings  ar.d  2-,  3 re  solved 


si  of  13  x 2'i 3 


11,520  bins.  At  a particular  range  the  fastest  sampling  rate  (3.7  res  per 
bearing  sweep)  provides  a new  signal  sample  from  each  bean  every  3.7  ns. 
The  input  bandwidth  to  the  scanner  is  I70  c/s,  which  guarantees  that  inde- 
pendent samples  of  noise  arrive  on  the  average  every  2.1  ms  when  a noise 


limited  condition  exi: 


every  1-  ms  when  a 1 ms  pulse  is  employed 


sample  will  involve  independent  noise  samples. 

In  order  to  keep  the  clutter  to  5 events  per  display  sweep,  the 
probability  p of  clutter  ir.  a particular  range  bearing  bin  is 


P1  11,520 


1.3  x 1Q~V  . 


If  one  enters  the  curves  describing  the  statistics  of  steady  signals  in 
Gaussian  noise  described  by  Lawson  and  Uhlenbeck*  ar.d  tabulated  by  Varcuia . v 
the  threshold  setting  necessary  to  maintain  a single  bin  marking  probability 
of  p-^  = 4.3  x 10  ^ in  the  absence  of  signal  can  be  obtained. 

The  same  curves  provide  the  signal-fo-r.oise  ratio  necessary  to 


me  threshold  setting.  The  value  obtained  is  9. 


A . L.  Lawson  and  C-.  onler.'oeck,  ’-u.rosholr.  Si  ~ r.als  p.  51. , XcGrsw  Lil 
Boo.-:  Company  (l9b0) 
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The  situation  with  longer  pulse  lengths  [l2  ms  and  125  ms ) is  not 
different  as  far  as  the  single  bin  narking  probabilities  are  concerned.  The 
theoretical  single  bin  performance  limit  is  useful  for  testing  the  processor 


in  the  new  specification. 


i?he  signals  which  can  be  employed  to  test  the 
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in  their  minimum  length  because  of  the  sampling  period  (3-7  ms)  and  the 
pass  band  (hjO  c/s).  If  a h ms  pulse  embedded  in  noise  background  is  em- 
ployee in  the  test  the  single  bin  marking  situation  will  be  exactly  as 
described  above.  This  pulse  is  suitable  for  test  of  this  scanning  rate. 

When  the  pulse  length  is  increased  to  32  ms } the  scanning  period 
is  increased  to  J.b  ms.  The  r.oise  samples  are  still  independent  if  r.oise 
limiting  occurs.  When  reverberation  limiting  occurs  the  noise  bandwidth 
will  be  about  i2  c/s,  corresponding  to  an  independent  r.oise  sample  spacing 
oi  aco — wt  m.s . Acjacer.t  range  orns  on  tr.e  same  oesrmg  are  ^.ikemy  to  mam 
in  triplets  if  the  ms  sampling  period  is  utilized.  This  is  an  effect 


which  will  occur 
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reverse-ration  limiting  conditions.  To  allevi- 


ate this  difficulty  the  sampling  period  could  be  increased  to  21.2  ms.  Tr.e 


sampling  period  should  r.ot  be  mad 
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will  reduce  tne  probability  tr 
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For  testing  this  . _ie  with  the  7.^  ms  sampling  period  an  £-10  a 
pulse  should  be  employed.  If  the  pulse  is  longer  there  will  be  . ovcral  mark- 
ing opportunities  while  the  signal  is  on.  This  increase  in  the  number  of 
opportunities  will  increase  the  probability  that  the  equipment  will  exceed 
per*  or... a nee  spec —lieu , 


When  the  123  ms  pulse  is  employed,  the  time  between  independent 
noise  samples  is  still  about  2.2  ms.  Under  reverberation  limited  conditions 
the  bandwidth  of  the  background  waveform  will  be  approximately  20  c/s, 
corresponding  to  50  ms  between  background  independent  sample  times.  With 
the  J.k  ms  sample  times  and  reverberation  limiting  there  will  be  a high  pro- 
bability the  7 or  more  ad.' a cent  range  bins  on  a single  bearing  will  mark 
when  one  of  them  does,  resting  this  scale  should  be  carried  out  with  a test 
pulse  slightly  longer  than  the  sampling  time. 

The  above  discussion  has  pointed  out  that  this  is  a matched  dis- 
play when  the  background  waveform  is  noise.  The  clutter  is  determined  by 
independent  sample  behavior  ar.d  target  structure  will  be  displayed  2-20 
points  in  range  depending  upon  aspect,  pulse  length,  ar.d  sampling  period. 

When  reverberation  limiting  sets  in  the  bandwidth  is  significantly  decreased. 
For  the  32  ms  pulse  clutter  will  appear  in  triplets  ar.d  for  the  123  ms  pulse 
clutter  will  appear  in  septets  along  a single  bearing.  The  display  is  there- 
fore not  matched  to  the  waveform  statistics  under  the  conditions  of  rever- 
beration limiting. 
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probably  not  justifiable.  The  results  of  these  experiments  placed  the 
required  input  signs  1 -t o -r.ois e ratio  for  50*a  detectability  (listening 
clutter  rate  .OOl/sec)  at  +3  do  when  signals  tore  embedded  in  uniform  noise 
with  200  c/s  bandwidth.  Increasing  the  bandwidth  provides  more  potential 
processing  gain,  but  increasing  the  bandwidth  reduces  the  listener's  ability 
to  achieve  this  gain.  These  two  effects  tend  to  compensate  so  that  the 
corresponding  expected  S/lT  ratio  for  equivalent  performance  with  i.CO  or  47C  e/c 
bandwidth  and  400  c/s  sweep  will  not  be  lowered  by  as  much  as  3 db.  The 
expected  input  s/lT  ratio  is  estimated  to  lie  between  0 db  and  +3  db.  This 
number  will  apply  only  when  the  background  is  maintained  at  a uniform  level. 

e.  processor  ?e??orma::ce  aid  taroit  t 

Estimates  of  the  capability  of  the  active  search  system  to  detect 
a submarine  can  be  made  using  the  specified  processor  performance.  Eigure  1-. 
shows  estimates  of  the  reverberation  levels,  the  noise  levels,  use  target 
echo  levels  for  ir.-the-iayer  and  b elov-the -layer  targets.  The  sigr.ai-uc- 
noise  rauio  necessary  zo  detect  the  signal  5wp>  of  the  time  when  only  100 
clutter  points  appear  per  display  sweep.  This  plot  is  the  dashed  curve  just 
below  the  reverberation  curve.  lz  becomes  horizontal  at  a he  appropriate 
sea  noise  level.  These  estimates  indicate  that  below-the-layer  targets  car. 
be  detected  ideally  out  to  about  3000  yards.  When  the  specified  signal-to- 
noise  ratios  (-:•!  db  on  the  32  kyd  range)  is  utilized  the  detection  range  is 
reduced  somewhat  below  2 500  kyd. 

In  these  plots  a sea  state  1 surface  was  assumed  for  producing 
surface  reverberation.  In  these  examples  the  target  level  falls  below  the 
reverberation  level  before  noise  limiting  sets  in  for  belcw-uhe-layer  targets. 
The  maximum  detection  ranges  estimaued  are  semevh vt  larger  than  those  re- 
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seated  in  the  Sperry  report.  difference  is  caused  by  the  difference 

in  receiving  directivity  index  used  in  these  estimates.  The  reverberation 
directivity  index  vill  be  a few  db  below  the  value  used  here.  The  dis- 
crimination against  surface  reverberation  is  not  as  good  as  against  isotropic 
noise,  in  general.  In  addition  the  HIT  mode  introduces  an  asymetry  in  the 
reverberation  field.  This  effect  has  not  been  estimated  but  it  should  bo- 
included  in  the  continued  study  of  performance  under  a variety  of  operating 
conditions . 
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I.  TASK  IfuMBRR:  16 


ri£Cv-  CTT-TS1.  X" I-.V.O 


III.  IKVSSTIGATOR(s):  H.  Klee  and  R.  King 

IV.  CONCLUSIONS 

A.  Recommended  Crs  n~es  to  the  Snap ifles~;:.or.s 

1.  Clarification  of  the  "PAIR" "TRAM"  Interface 

The  PAIR  requirement  for  the  transmitter  to  supply  enough 
electrical  power  to  the  transducer  to  produce  a source  level  of  135  db 
ref  'r  ar  at  one  yard,  requires  simultaneous  operation  of  both  groups  of 
TRAM  amplifiers.  If  only  one  croup  of  amplifiers  in  usc-d  to  drive  the  com- 
plete transducer,  the  requirement  for  135  db  source  level  from  one  amplifier 
group  would  have  the  transmitter  operating  in  a unreliable  mode.  (Refer  to 

Psv*r  rpvf  a cVin-’  ^ ^ -v.  ~ a;  ^-Va  id  « — 3 rrnr-'v  -•  v*-  r. 

ire:  4.  o V y # • i.  »»—  m ..O >_«. .Cl  o C L. — _ v «.  v^.  «.  ..  o i.u  « ri  X . t»“  *'»  « o u c s 

3.  Sum-Nested  Tmnroverer.ts 

The  amplifiers  in  the  TRAM  transmitter  have  a relatively  high  out- 


fier  appear  to  the  load  as  a current  source.  To  take  adu  r.tage  of  this  r . 
drive,  for  as.  aid  in  obtaining  velocity  ccs.trol,  the  1 or  5 eleuc-r...  dri.  e. 
by  a single  amplifier  should  be  connected  in  series.  This  c .range  would 
require  different  output  transformers  from,  those  r.ow  supplied  in  the  5 . _ M 
trans.r.itter.  If  transducer  elements  arc  individually  grour.d  _ another 
problem  is  imposed. 

Power  level  control  permitting  reduction  of  power  by  u much  . 


30  db  is  highly  re-ec. . 


c for  use  ur.  s<  r c >er . .1.  soncition  . 
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existing  automatic  power  level  circuits,  however,  maximum  reduction  in 


reduce  tnis  even  further. 


C.  Need  for  Continued  Investigation 


Reference  Task  Number  2d  - Harmonic  content  of  the  TRAM  trar.s  mi 
signal,  in  the  region  of  30  to  oC  kc,  is  sufficient  to  interfere  with  a 
MK  kk  torpedo's  guidance  system  within  a range  of  1500  yards.  Definite 
numbers  are  not  available,  however  indications  show  that  the  XX  37  2nd  MX 
torpedoes  would  be  even  more  suseptible  to  the  radiated  harmonics.  If  cl 
tactical  ranges  are  necessary,  modified  operational  procedures  or  a trar.s 
mitter  modification  will  be  needed.  (Reference  NGTS  1?  2v?5.)  Continued 
study  is  necessary 

_ Further  study  is  necessary  to  determine  the  degree  of  heating  i 
the  high  voltage  motor  generators  due  to  the  higher  duty  cycle  imposed  by 
some  modes  of  PAIR  operation. 

Further  investigation  is  necessary  in  the  area  of  velocity  cor.t 
of  the  transmitt er/ trar.sduc er  complex.  If  a need  for  more  velocity  cor.tr 
is  found,  methods  to  achieve  this  goal  will  have  to  be  determined. 

Additional  study  of  means  for  harmonic  suppression  of  the  trar.s 
mitter  output  is  necessary. 

V.  DISCUSSION 

A.  Safety  Factor 

Allowx.. _ a gO  sa » e uy  . ac„or  ar.u  tS*ng  .'O'o  0*  ...o  maxi  mum  "orans 
r.itaer  power  capabilities,  assures  uhat  seme  reserve  power  re.  , .ir.s  00  har. 
—Or a misms ccn.  rigure  shows  tr.a«.  a source  of  -.cu  ref  nrrr  an 


transducer  but  that  re  reserve  is  left  when  ecu  1«  to 
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F.  Harmonics  in  the  Out nut 

The  output  circuit  of  the  amplifiers  is  tuned  with  a Q of  2.8, 
providing  a bandwidth  of  1.8  kilohertz  at  the  -3  do  points  (centered  at  5 
kilohertz).  This  low  Q allows  harmonics  to  appear  in  the  output.  The 
harmonic  content  of  the  Ah/SQS-23  output  pulse  was  analyzed  by  HOTS  in  May 

of  i960  (hCTS-T?  2475).  The  test  SQS-23  had  a source  level  of  133.6  do 

ref  1 wear  at  one  yard.  The  sixth  harmonic  (30  kilohertz)  was  down  40.7  do 
and  the  twelfth  harmonic  (oO  kilohertz)  was  down  0I.7  db.  HOTS  determined 
that  these  levels  would  interfere  with  a MX  44  torpedo  within  a range  of 

1600  yards.  The  TRAM  transmitter  package  will  provide  a lower  source  level 

of  135  db  which  would  reduce  the  interfering  range  to  1500  yards.  Available 
information  indicates  that  the  Mi  37  end  MX  46  torpedoes  would  be  affected 
at  an  even  longer  range. 

G.  Velocity  Control 

There  has  been  no  known  attempt  to  achieve  any  degree  of  velocity 
control  on  the  Ah/ SQS-23  TRAM  transmitter  modification.  . There  are  r.o 
tuning  elements  in  the  amplifier/transducer  interface  and  the  output  im- 
pe nance  o*  trsnsmzct.ers  is  c_nioe  nrgn  V®P?roxc.mateiy  2^00  0) . Tne  u^"pe 

amplifier  being  used  normally  b.3S  a high  output  impedance,  therefore  modi- 
fication, short  of  complete  redesign,  is  not  practical.  Tuning  controls 
or  elements  could  be  used  between  the  transmitters  and  the  transducers. 
However  addition  of  .more  high  level  components  could  reduce  t he  system 
. 1 J.C* *j z n ,i.t y . ...... ^».o 0* e..t  Sccuw  . „ner  ne.a^^e..  s . v*cy . 
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Ir.  general  the  concept  of  performs r.ce  monitoring  and  fault  location 
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acceptable  with  several  modifications. 

1.  Some  of  the  TRAM  work  will  result  in  sensors  and  monitors 
such  as  power  amplifier  cooling  and  put  lev-1. . Thane  outputs  muni;  to 
removed  to  and  integrated  with  the  PAIR  performance  monitors. 

2.  Performance  indication  for  the  on-line  performance  monitors 
shooed  be  such  that  although  proper  performance  can  be  distinguished  by  the 
operator,  the  emphasis  should  be  in  the  indication  for  the  unacceptable 
performance  value.  A marked  increase  in  illumination  of  the  display  symbol 
or  an  alarm  would  cal1,  the  operator's  attention  to  the  situation. 

.3*  For  the  on-line  performance  monitor  of  the  active  processor, 
a counter  could  be  provided  to  process  the  anti-beam  forming  network  during 
the  interval  just  before  and  after  the  transmitted  pulse.  Provisions  then 
should  be  made  to  override,  hold,  or  reverse  this  processing  operation  so 
that  more  than  one  look  is  available  for  each  beam  position  if  needed. 

4.  Because  of  the  new  format  for  the  operating  modes,  the  above 
on-line  check  should  be  programmed  to  operate  with  one  of  the  detection 
pulses,  for  example,  the  123  ns  FM  pulse. 

5.  For  checking  the  active  range  and  bearing  calibration,  signals 
are  displayed  at  the  bearing  angle  corresponding  to  the  selected  beam  center. 
Xo  Xt.  cl  Co  x r<ji  oxe  .or  one  sum  ann  d.. . ere  nee  scanner  operao.on  oO  move  tnxs 
simulated  target  from  a beam  center  to  some  point  between  adjacent  beams, 

6.  The  attached  memorandum  discusses  the  Sperry  concept  of  per- 
. ax' ...  x ..o  c ir.o.  ij  o or . n. . < i . . - * . a ux  o loc  ’ i o.o*.  o . . ■ . rc.o  .to  o n > o cot.cc  ■ . oO  a. 


L 


While  a central  performance  monitor  and  fault 
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more  sophisticated  system, 
locator  may  be  desirable  at  a later  date  it 
the  anticipated  PAIR  Program. 
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From:  Edwin  V.  Smith,  Code  33^0 

. To:  Mr.  R.  D.  Isaak,  Code  2l40 


3 September  1965 


Sub j : Performance  Monitoring  and  Fault  Location  for  the  S£p-23  Moderniza- 

tion Project  (PAIR) 

Ref.  (a)  Code  2140-6-65  Memo  of  19  August  to  Code  3340 

(b)  Sperry  Gyroscope  Co.  AX/SQS-23  PAIR,  Technical  Report,  Vol.  1A 

(c)  Sperry  Gyroscope  Co.  AE/SQ3-23  PAIR,  Technical  Report,  Vol.  13 

1.  In  response  to  ref.  (a),  references  (b)  and  (c)  have  been  reviewed 
with  attention  being  given  to  performance  monitoring  and  fault  locatioii 
philosophy  and  details  described  therein.  The  comments  and  discussion 
which  follow  are  submitted  on  the  basis  of  technical  information  which  is 
somewhat  sketchy  and  general  -T-  nature.  Additional  details,  explanation 
or  interpretations  of  the  bus„'_  ..aterial  presently  available  would  probably 
modify  to  a certain  extent  the  viewpoints  expressed. 


2.  General  Philosophy 

a.  Tne  general  testing  philosophy  expressed  in  the  Sperry  proposal  is 
to  provide  a centralized  built-in  monitoring  and  test  facility  within  the 
main  display  console.  For  o. a rail  performance  monitoring,  simulated  tar- 
gets would  be  injected  into  the  system,  producing  a display  presentation 
uniquely  identified,  to  be  interpreted  by  the  operator  as  an  indication 
of  the  performance  of  the  following: 

(1)  The  48  active  processing  channels  from  preamplifiers  through 

display. 

(2)  The  24  forward  plus  the  2 4 aft  passive  processing  channels 
from  preamplifiers  to  display. 

(3)  Tne  active  track  channel  from  preamplifiers  to  display. 

In  addition,  all  power  supply  voltages  would  be  continuously  monitored, 
with  a single  summary  indication  at  the  display  console  in  the  event  that 
one  or  more  of  the  power  supply  voltages  goes  out  of  tolerance. 

It  appears  that  the  attention  of  the  operator  would  be  called  i o the 
fact  that  he  has  a power  supply  failure  through  use  of  the  warning  light 
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(or  possibly  an  audible  signal).  In  order  to  be  aware  of  failure  when 
using  the  simulated  target  for  performance  monitoring  of  system  perform- 
ance characteristics  other  than  power  supplies,  the  operator  must  note 
the  absence  of  the  proper  test  pattern  at  the  proper  tire  and  position 
on  his  display.  This  would  appear  to  require  his  considered  attention. 

Output  of  the  active  processor  will  be  compared  to  a norm  and  if 
this  output  1 1 outside  the  o;. ; .Vol.i  , h.  d liv.iitr.  for  tho  t.o.-.i.  5 n;>uL,  a vi- 
sual alarm  indication  will  appear.  It  is  not  clear  how  much  of  the  overal 
acceptable  performance  of  the  processor  and  related  equipment  this  alarm 
would  cover. 


3-  Performance  Monitor?  r.g 

Except  for  the  hydrophones  themselves,  it  appears  that  deficiencies  in 
overall  performance  of  the  system,  could  be  detected  by  an  alert  operator 
properly  controlling  the  test  signal  insertion  and  properly  noting  the 
related  display  result  or  lack  of  it.  In  addition,  it  would  appear  that 
any  power  supply  failure  throughout  the  system  would  be  promptly  noted  by 
any  operator  because  of  the  simplicity  of  the  indication. 

In  order  to  consider  a more  effective  performance  checking  facility 
with  less  dependence  on  the  time  and  initiative  of  the  operator  it  is 
suggested  c..so  some  m.oo.Xxxca  exons  ana  aua^^xons  .o  une  exisuxng  facxxxtxes 
might  be  examined  in  terms  of  their  potential  cost  effectiveness.  Some 
of  the  capabilities  and  possible  approaches  are  outlined  below.  Vhether 
these  are  desirable  in  terms  of  cost  effectiveness  or  even  practical 
from  a technical  standpoint  would  depend  upon  the  results  of  further  study 
and  information  regarding  system  and  circuit  details.  However,  even 
though  the  capabilities  or  approaches  are  not  found  to  be  appropriate 
they  may  illustrate  or  suggest  test  capabilities  and  approaches  which 
may  deserve  consideration. 

Xx  xu  xs  xeasiole  to  program,  cno  stimulus  tost  one  measure  olectr. — 
cally  rather  than  visually,  its  result  for  the  various  channels,  bear- 
ings and/or  ‘ranges,  the  measured  values  might  be  compared  electrically 
or  digitally  with  the  noxmal  value  to  provide  a continuously  variable 
performance  measurement  or  an  acceptable/nor.-acceptable  signal  in 
electrical  form. 
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Assessment  of  performance  from  & location  other  than  the  operator 
position  would  require  remoting  facility  for  both  the  stimulus  control  and 
the  comparison.  At  least  a part  of  this  operation  appears  already  to  be 
included  in  the  facility  for  setting  up  remotely  a test  target  (described 
in  the  manuals  as  intended  for  operator  training  or  test).  The  second 
part  of  the  operation  would  require  that  the  test  result  and  the  position 
requested  be  expressed  in  electrical  for:,;  for  comparison  with  the  electri- 
cal signals  which  specify  and  ask  for  the  test  target. 

If  the  test  target  function  is  made  electrical  in  both  control  and  out- 
put, the  performance  assessment  could  more  easily  be  made  from  an  area  and 
in  a manner  not  requiring  the  services  and  attention  of  the  operator,  both 
of  which  may  be  variable  in  nature.  KFL  and  the  automatic  test  system  code 
at  the  3ureau  of  Ships  are  advocating  a trend  toward  centralized  automatic 
testing  of  complex  shipboard  systems  as  may  be  justifiable  by  cost-effec- 
tiveness consideration.  To  the  extent  that  this  approach  is  possible,  it 
avoids  the  inclusion  of  an  elaborate  automatic  testing  capability,  complete 
with  computer  and  large  memory  capability  as  an  integral  part  of  each  large 
prime  electronic  system  aboard  ship.  It  is  felt  that  a sharing  of  such  a 
facility  is  practical  and  can  be  justified,  whereas  a complete  test  system 
of  comparable  capability  cannot  be  justified  for  each  prime  system. 

As  a move  in  the  direction  of  compatibility  with  a central  testing 
capability  and  as  a compromise  with  problems  of  existing  equipment  design 
and  urgency,  it  is  suggested  that  consideration  be  given  to  making  the 
system  performance  test  and  its  results  suitable  for  remote  operation  and 
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required  and  the  degree  of  involvement  of  the  opera  -.or  is  not  c'.ear.  Also, 
it  is  not  clear  whether  an  overall  perform. ance  check  can  be  made  without 
some  w.icr. . i c:e  o*  eqi*.^<..e»...  i.vmi  ..mm*..  ■ * or  norma ..  use.  i-  or  cm  ..  ) i e , 
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used  operationally  or  is  testing  only  the  portion  of 
peculiar  to  the  test  target  itself.  It  appears  that  it  cay  not  be 
possible  to  check  the  portions  of  these  systcr.3  used  for  real  targets 
without  making  a special  set-up  and  interfering  appreciably  with  normal 
operation.  A goal,  until  it  is  show"  to  bo  not  desirable  from,  a cost 
effectiveness  standpoint,  should  be  a type  of  performance  check  which  is 
automatically  repetitive  or  programmable  in  its  control,  which  alerts 
the  operator  when  performance  is  degraded,  and  calls  attention  to  at 
least  the  generalarea  where  the  degradation  is  occurring.  This  perform- 
ance malfunction  alert  signal  should  preferably  be  receivable  both  by 
operator  and  maintenance  man. 


4.  Specific  Malfunction  Determination  or  F; 


As  has  been  stated 


guru  to  Performance  Monitoring,  the  material 


available  in  regard  to  specific  malfunction  determination  and  fault  local! - 
zauion  is  general  xn  xcs  o*  varxous  pOj.n..s  so  tun..  n xs  some- 

what difficult  to  determine  the  degi’ee  of  convenience  accuracy  and  extent 
of  malfunction  coverage.  However,  it  is  obvious  that  a high  degree  of 
reliance  is  placed  on  the  initiative,  attention,  comprehension,  and  inter- 
pret rve  ^y  ox  uxs  operator,  xvxtnougn  xo  is  no . ..elt  e.  tnx* 
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go  completely  automatic,  xt  xs  felt  that  a wortnwnxle  objective  xs  to 
attempt  to  make  it  possible  for  an  operator  with  very  limited  technical 
ura...mr._  to  ^.occ.l^.uO  trouole  .o  smaxl  .unct^cnal  areas  ox'  prozeraoly  to 
a rep^.a xgmj.g  un^ . or  u..XtS  vx .nou.  tne  xxcoessxty  .or  zxultxple  patcnxng 
or  interrelated  switching  operations,  or  technician  type  scope  interpretations. 

The  power  supply  malfunction  indication  proposed  by  Sperx~y  is  illus- 


trative of  the  simplicity  of  into" 
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operator*  However,  it  w ild  be  prefi  rablt  to  at  cpt  to  ret*  in 
simplicity  of  interpretation  for  the  inox  #er*encc  d operator  without  at 

^ no  o c-.i . c « * et... vjii a v/*.c  l*' w — x.o u.  <j. .. ui.cn  ✓• » » . c a o* •• . < oo  uo.  j x "o 

oy  j c j xUc.ico u v,ecnnic^an  xor  r v Ax  a.  opno..  l g# 

Sperry  proposes  uo  uoe  tnrosr.oxd.  cLotocuors , set  for  nor.  .x  vacuus, 
a go/ . .0  go  output;  . 1 • up  . . t . c . . • • • be 


pro  vi  am  ~ 


threshold  .nc.  tne  voltage  at  the  test  point.  Although  this  approach  sc  era 
very  attractive  in  its  apparent  simplicity  and  economy,  a number  of  diffi- 
culties have  become  apparent  where  this  approach  has  actually  be  employed: 
a.  There  is  considerable  difficulty  in  setting  a limit  which  is 
neither  too  tight  nor  too  loose.  If the  limit  is  too  tight  the  operator 
is  forced  to  consider  some  no-go's  go's  under  certain  circumstances. 

If  the  limit  is  too  loose,  the  operator  will  not  have  an  indication  of 
malfunctions  which  may  he  real  but  not  large  enough  to  reach  the  fare old. 
It  is  important  to  recognize  that  in  typical  shipboard  equipment  systems 
there  r,._y  be  appreciable  variations  in  absolute  readings  for  what  is  re- 
garded as  acceptable  performance  from  day  to  day,  depending  upon  age  of 
equipment,  temperature,  humidity,  variation  in  replacement  parts,  etc. 

In  the  prac-cal  k>.xXj-.oo..rd  s. wne  ^ocaix.Cxc*n  *.x.s  nc. .ncr  *.nc  ..xw.e 
r.or  inclination  to  recalibrate  these  thresholds  in  sensors  within  the 
equipment  on  a daily  basis  or  even  less  frequently.  Hence  it  is  considered 
preferable  to  provide  a measurement  of  the  value  a a the  zest  point  which 
can  be  interpreted  against  a comparison  reference  which  is  provided  further 
down  the  test  system  and  which  can  be  more  easily  adjusted  than  at  the  test, 


remotely,  a go/no-go  typo  of  measurement  is  by  its  nature  a binary  measure- 
ment of  one-bit  accuracy.  This  accuracy  is  r.ot  sufficient  for  many  fault 


assessment  purposes 
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a ccio  o z i. vc*  oi*  cor*  sics 


in  accuracy  may  be  no  more  costly  than  the  one  with  one -bit  accuracy. 
(Considered  system— w . may  oves  oe  less  cost.y  in  some  cases-  because 
there  may  be  fewer  measureme:  ' 
by  a single  device)  The  less 
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:her.  be  throw 
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mv.ee; 
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further 

o*  i.ti oc** pre  v/ii w rf.on  c^iO  wCS  u*)c  > — d c (.•  x.*  x r v—  a • . r*  ■ 
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r*ou  rceuorG  or.c  to  ~ree  or  accurac y of  r. asurv.r.<  rrc  roea  rec*.  oy  u r.e  tec.v.,'. ciu 
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L’urvner  down  use  ineasurer.ent  syste: r*  at  sue**,  tis.j  or  po*..v  that  use  fir.or.es: 
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of  a unit  be  measured  with  accuracy  usually  considerably  greater  than  that 
of  or.e  binary  bit.  Frequently,  it  is  the  relative  accuracy  or  stability 
of  measurement  vhich  is  most  important  for  performance  assessment  and  for 
at  least  the  first  steps  of  fault  isolation.  In  many  cases  an  accuracy 
of  five  or  six  bits  is  sufficient,  particularly  if  the  sensor  is  placed 


s o0 o v_/ _u r. 2. si  1^1  »o  cii'Cuu-u  OjT  £ Ji-j -sys  i/c m , 
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work  is  currently  directed  toward  development  of  micro-circuit  sensors,  for 
sensing  stead;'-  state  signals  and  pulses,  including  single  pulses.  Sensors 
are  addressable  remotely  by  a serial  pulse -train  type  code.  Outputs  of  the 
sensors  provide  a low  voltage  dc  output,  as  a measurement  of  dc,  ac,  and  pulse 
characteristic.  The  dc  output  of  the  sensors  is  suitable  for  measurement  at 
the  operating  equipment,  but  is  primarily  intended  to  feed  into  a dc  to  fre- 
quency converter  (also  in  micro  form),  for  transmission  to  a central  automatic 
test  system  console.  Sensor  data  is  stored  and  processed  digitally,  with  per- 
centage deviation  of  the  total  permissible  deviation  being  displayed  against 
selected  block  diagrams  of  the  system.  Storage  and  processing  of  sensor 
data  employ  digital  techniques.  The  basic  Automatic  Test  System,  under  develop 
menu  is  expected  to  provide  a basis  for  procurement  of  centralized  shipboard 
automatic  test  systems  intended  for  performance  monitoring  and  to  assist  at 
least  in  the  initial  steps  of  fault  isolation  in  several  major  systems,  includ 
ing  those  of  the  Al/SQ3-23  type.  Although  it  is  recognized  that  each  major 
system  may  have  monitoring  and  fault  location  problems  peculiar  or  unique 
to  it,  because  of  electronic  or  mechanical  features,  it  is  also  recognized 
that  there  are  many  problems  common  to  all  systems  currently  in  use  or 


jor  systems,  includ- 
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recommended  that,  within  the  limits  sot  by  good  cost-effectiveness  corns  itera- 
tion at  this  time,  an  attempt  be  made  to  provide  sensors  which  are  remotely 
addressable  by  a serial  pulse  code  and  which  provide  dc,  digital,  or  fre- 
quency ou spues  suxuaole  xor  mine  urxvxng.  .. s poxntea  oue  oy  Sperny  as  a 
reason  fox*  their  heavy  reliance  on  the  ran  in  their  rest  approach,  ar.  attempt 
wO  go  eenpactcly  autoxsauxe  can  so  pros. : oxuxvt-xy  expens . ve  and  p*rooao*y  vos  ir. 
not  be  practical  x‘r.  the  ti:. seal  e . However*  it  A.  felt  that  considerably 
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technical  volume. 
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I.  TASK  NUMBER:  20 


J.J.,  TASK  'K- j-j i C_L£ ssii*ic£ uicn 


III.  INVESTTlGATOR(s)  : J.  Reardon,  K.  R.  Rady,  L.  Mules hy,  J.  Baxter 


IV.  CONCLUSION 


x » u*ur.  a . c: . 2 . ^ _ y i uu e * cr  a no  pr can ax~xuy  ox  a 

target  being  a submarine."  the  statement:  "the  relative  likelihood  that 

the  inserted  clues  would  be  produced  by  a submarine  rather  than  a non-sub- 
marine contact." 

2 . Sec uion  3*1*5*21:  Suosux^xiue  ..or  uO  o 0 ^axn  x r om  a flispj.sy 
the  a posteriori  probability  of  a submarine  target"  the  statement : "to 
obtain  from  a display  the  relative  likelihood  that  the  inserted  clues  would 
be  produced  by  a submarine  rather  than  a non-submarine  contact."  Selene 
"Provision  shall  also  be  made  for  manually  injecting  a quantized  level  of 
the  a priori  probability  of  a submarine  target . ' 

3.  Secoion  3.1.5»21.2  Suost^oute  . ur  xne  ouiout  snarl  be  a 

number  cxoplayec  Uu  one  consore  and  xncucatxng,  to  men  cxscrete  levels,  tne 
probability  of  a uarget  being  a submarine."  the  statement:  "The  output  shall 

be  a numbered  light  displayed  at  the  console  indicating  er.e  of  wen  discrete 


levels  of  relative  likelihood  that  the  clue  innut  er.te 
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by  a submarine  rather  than  a non-submarine  contact." 

tr.  ^co.on  3. 1.5. 5 Su0o  ij  *or  ^ t x gxws  a onp^er  ax  sc  r m-*  x na  a or 
snail  ae  provxaea  for  operation  vxuh  either  SBR  in  a he  Ch’  mode  with  the  32 


ir.d  123  mxuliseccnc 


pulses"  the  scat erne nu : "A  digital  coupler  discriminator 


shall  be  provided  for  operation  with  either  SBR  in  the  CV.*  mode  with  all 


YV.1  c • - It 
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ICD.DIR 
Enclosure  *,20, 
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5.  Section  3 .^.5. 13 .2  Substitute  for  "?or  the  32  and  123  milli- 
seconds pulse  lengths  in  the  CV.r  mode,  the  difference  output  of  the  floppier 
discriminator  shall  be  presented  in  a vertical  A-sccr.  presentation."  the 

statement  ■ c or  c*j — _ pause  uen^cns  in  ^ * .c  u.*.  mode,  ..he  c . a or  once  output  o* 

the  floppier  discriminator  shall  be  presented  in  a vertical  A-scan  presents - 


6.  Section  3*i;--5.i^.^  Change  ".Gil  inches"  to  ".020  inches". 

7.  Section  3»^.5.21.1  In  the  list  of  clues,  change  "left  Edge 
Alignment"  to  "Edge  Alignment". 

8.  Section  3-^-5-I^*5  b Substitute  for  "They  shall  have  a nomi- 

nal writing  width  of  1/32  inches  and.  be  in  the  darkest  tone  shade"  the 
statement:  "They  shall  have  a nominal  writing  width  of  l/32  inches  and  be 

in  the  darkest  tone  shade  for  mode  A and  one  of  the  lighter  none  shades  for 
modes  B and  C". 

B.  Suggested  Improvements 

1.  A line  separation  ox  ,GtO  is  suggested  for  une  acuive  recent 

2.  The  floppier  clue  evaluator  level  definitions  would  be  less 

confusing  if  labeled:  Marked -up,  Medium-up,  Zero,  Medium-down  and  Marked- 


down  . 


3.  It  may  be  advisable  to  make  the  TRR  gate  sizes  the  same  as  the 


TCD  gate  sizes. 


C.  heed  for  Continued  Ir.vosui •nation 

i.  Ccr.sic.era ole  szuay  and  analysis  snoulc.  be  cone  on  tne  copuleu 
di scrimi na tor  perf ormanc e . 


• v 

1 .’.’A 


2.  The  effects  of  various  proposed  non-alerting  transmit  scuuenc 
on  the  classifications  capabilities  of  PAIR  should  be  investigated  in  detail 

3.  Efficient  use  of  the  proposed  TER  by  the  operator  requires 
further  study  (see  Task  Number  3 - Display^  Section  V - DISCU3SIGN) 

k.  The  ecuatior.s  to  bo  5nnio..-.ented  for  the  clue  evaluator  need 


V.  DISCUSSION 

A.  Clue  E values  or  Output: 

A uootera.orx  groOcyo as  an  ouypu«  O—  ohe  c mo  evny_uayyOr  yo 


consxuereo.  oy 


and  nun.an  rectors  Res  cere: 


j _r.c . } yO  oe  sechnicay_y_y  pre— 


nature . Lack  of  knowledge  of  a or-'orl  probabilities  plus  no  precise  defini- 
tion os  absonUyO  lx-ve^ noou  nu.Oy  y.or  C-_ue  j.nuuy  y ug  .g  ' ....  .■  -i  .cs_ 

pr  O Oci  OX  XX  ty  y V"  d rue  S CliiCC*  .y  w y>  C»  **d  V*  ’ yi  — U y y yVOyg/"  y C .y  yy yy  ...»  * SyyyC  . ly 

errors  that  would  under... ine  confidence  is.  outputs.  The  use  os’  only  relative 
leve_s  O-  likelihood  thau  CyyyO  . s re  pro d uc ed  by  — s \ybrusxr ine  c onta c t 

yS  HtOSc  CO”y7.Cny.J'yuy  Vyy.G  yiS  y yy  .y  5u  ■ yG  Wy  . .OWy  e -we.  ...O  UwyVuy  ly  ^.Cyy 
S nO  « . ! . . b e y.d  y e_l6a  - y . y.  yy y,  . . . y_vy  ...  y> . . ..O  X.-.^y. XC d w.On  Oy  c JyOyUy^  — u.  ' yy  yy 

values . 

lotxons  oi  a nr_orx  probe  sxy.xty  as  we as  the  potenuxSy  ar.u 

value  structure  prevailing  in  any  given  tactical  situation  can  be  applied 

c v C 0.,y  no  xev  e y y . . uCri.y  0.  V. . . C r Oy  v .Oy  y_y . . yy  V y X SO  ...  yCy  ....  uS.C  u . :.y  Oy* 

the  dividing  line  between  a submarine  and  a non-sub.. .urine  decision. 


3.  Doppler  Biscrinin 


Use  of  a suennSy 
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From : Commanding  Officer  and  Director,  U.  S.  Eavy  Electronics  Laboratory, 

San  Diego,  California  92152 
To:  Chief , Bureau  of  Ships  (Code  1633) 

Sub : Ak/ SIS -23  Sonar  Letter  Report  Addendum 

Ref:  (a)  EEL  conf  ltr  S27-20  task  3573  (EEL  JTi^l)  ser  2lt0-03  of 

22  September  1965 

End:  (i)  Task  21,  Addendum  i,  Performance  and  Operations  Analysis  of 

22  November  19S5  (COXPirSlvfXAL) 

1.  Reference  (a)  is  a letter  report  which  treats  the  technical  aspects  of 
the  AlT/SOjS-23  PAIR  sonar.  In  the  original  letter  report  the  c cpuer  devoted 
to  Performance  was  incomplete.  The  addendum  enclosed  herein  (Enclosure  (l)) 
is  a replacement  for  the  original  Task  21,  ar.d  it  gives  only  the  fires  por- 
tion of  the  entire  performance  prediction — that  related  to  active  detection 
for  a single  typical  layer  condition.  It  should  be  noted  that  the  layer 
depth  has-  a significant  efface  upon  propagation  loss  and  therefore  detection 
range  for  both  in-layer  and  bclow-layor  targets. 

2.  The  addendum  which  was  prepared  by  IRA  COR  using  the  analytic  modeling 

■wars*.  0—  o0w>4  mL  ana  xRnoOR  team*-*,  wreaks  m.e  23  ana  whe  P.^L.h  modi- 

fied SQS-23  in  a like  manner. 

3.  Range  ratios  of  1.3  and  le£  for  in-layer  targets  and  below- layer  targets 

r e c li c. « ei  co.4bci*  / t.  /c  k>ue«  na l.Cc«  a-  ue i n n w o I'c n^t^  d-ci^r cjr*v3^o  o a o no 

PAIR  sonar.  I he  other  planned  improvements,  e.3.  : track-vhile-search, 

£(roa*^or  i nori..e— see.  orsp.i.c i-y,  s a.  >./  c* neons  20 w*vo  enci  puiSv-'^vo, 

L/S j.  u 0 c wC  j ts  — 1 t »u « u r ec;. •.> o u noy  s & tOmei  0 lj  an  ona 

B0»*US  # 

4.  A second  addendum  will  bo  issued  upon  the  completion  od  the  analysis 

v o r n Oi  Lhui  ui»o  n— * **.ayer  uc uc ^oc c >—  so  and  passive  c*c ut'c  u^or* 
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I. 

II. 

III. 


TASK 

TASK 


NUMBER : 21,  Addendum  1 


Por-.ormxi.ee  a no  0_,x-raooo..3  /-inax.ysxs 


INVEST  I CATG1S : 


C'?r  to  + 1 ; S 


x.'* . C,0r»o  . 

A . Reoo— r/r,-.~ 

None 

3.  Si;  ~f-|,e3ted  Improvements 
Kone 

C . Need  for  Continued  Invent;  - nr 

In  the  discussion  which  folio-., -c , the  performance  of  the  ?A] 
sonar  vas  compared  with  standard  AK/ SQS-23  sonar  in  the  deep  and  shall! 


ow 


water  sxtuawXiOno  Wxxn  a loO  *ocw  xoyc.-  ^c ..vc  dos.ectj.Gn  operation  oiuy , 


Work  is  now  in  progress  to  examine  two  other  cases:  (l)  Ko  layer,  active 

de^ec . *or,  am  (2)  passive  ce^ec  x_or*,  —n  tr.e  future  at  as  antxcxpatc..  tnat 
the  classiixca xton  ano  traCxCxn^i  espaoxx-xtoes  may  also  be  treated. 

V.  DISCUSSION 

The  attached  Performance  Comparison  £ives  the  predicted  active 
detection  performance  of  both  the  standard  AN/sc.S-23  and  the  PAIR.  The 
work,  which  utilized  both  Nil's  sonar  prediction  model  sr.d  TEACOR's  sonar 
simulation  model  is  divided  into  four  primary  parts:  Introduction  and 

S u.  • x > x , * y , oe  section  nar*£je  Comparts  on,  .-.ucuax.  x.nterxercnce  Cox.p^rtson  one 


..ex^Ux*  ea  x„.p  Sp^cx..^.^ . ......  tn  par-.  o.  the  oxiuoaoum  -1 

* c*  uii,c  .c.  ^ a no  ,*',sx>  u.,,0  .xo,,j  r,  x e.  o *n  t..c  Sx  m v . 
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'T3L  «J71*’6l)  ser  21-0-017 


22  lovember  11- 


COhTIDE.XTIAL 


performance  cgmpaeisc::  g?  t::-£  a::/sqs-23  aid  pair 

[.  IXTROEICIICX  A?D  S~  vv  my 

The  relative  effectiveness  of  PAIR  and  the  Ah/SQS-23  has  beer,  esti- 


1.  Tc r jeu  in  o 1GG  ft  layer  in  ‘.*.00  fathom  varner 

T<a uciov,'  ICO  1* a 2.1; y in  !*-• 00  r_ uhom  Vulyr 


*5 

^ • --c.  - v_,'-  g. 


__  n u — 1/0  ^ v x>*  . u o iiC.,4  Vu « 


• Tur^em  below  a _00  it  layer  in  fa~c nom  Vu ton 

These  comparisons  ore  based  upon  determination  oi  detection  probability  as 


a function  oi  target 


-nje  during  particular  tactics  including  crossing. 


po r a j. j . ei  po o.xC*.  c on oo uo  a o ^jcc ^ runss  **or  wne  _. n v n » c n is  . n ic*ea^_ly 

no*  malted  s y o oC m , w ne  de ^erm-i_n>e; eio.;  o _ one  do ^cc e».or*  prooaoiiity  i*-*  airect • 
For  the  AN/SQS-23  the  process  involves  two  steps: 

a.  Ee  ^ ermr » *c*  c non  0.1  uo pro->-.b.._^r  ay  unecr  one  aosumpvron 
that  the  scanner  display  is  veil  normalised. 

b.  Estimation  of  the  area  of  the  display  in  which  this  assumption 


i<°  a c 0U0 „/  ^o-^id  &».u  reouce^on  o^.  tne  Ox ^oc uxVcioss  a c c or ui '» c -y • 

A second  comparison  provides  plots  of  relative  tarpeu  and  background 
levels  as  a function  of  rar.je  in  sir.yle  and  multipship  operation. 

Tnese  two  comparnsor.s  couormine  (l)  the  maximum  separation  of  shins 
recuarca  to  control  a ^iver.  ocean  trfis  for  the  PAIR  and  the  Al/SQS-23  and 
^2)  .... ii.,,. a.  1 . a — o,...b_e  ..o..  un^.cr  cone.aaons  an  vn^cn  aUvU...  xnter^ 


a er0ft.ee  ^ . & n o«  oG  ae  excessive.  oj1*.j  uneso  on 

one  numcer  o*  ^-n*/ Sv^o—23  snips  an^*.  t no  number  of  f/. mi- 
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a given  c ran  of  ocean. 


cox?: 
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and  AX/SQS-23  effectiveness  for  a.  100  foot  layer  are  given  in  detail  in 
Sections  II,  III,  er.d  IV.  A Summary  of  results  is  presented  below. 

1.  In  setting  up  a line  of  ships  spaced  to  detect  all  below-layer 
targets  as  the  line  proceeds,  about  twice  as  r.'.ar.y  Ah/SQ.S-23  ships  as  PAIR 


2.  (a)  The  required  spacing  of  PAIR  ships  in  this  operation  is 
approximately  10  kyd.  At  this  spacing  direct  arrival  during  entire  trans- 
mitter on  time  is  the  only  significant  source  of  mutual  interference. 

(b)  If  two  separate  frequency  bands  are  utilized  in  RI>7  by  ad- 
jacent ships,  the  nearest  interfering  ship  is  at  20  kyd. 

(c)  If  crossed  slides  ore  employed  by  the  ships  spaced  at  20  kyd, 
the  interference  will  not  result  in  display  marking  but  will  prevent  detec- 
tion of  targets  on  the  average  of  10 > of  the  time  on  the  20  kyd  search  scale. 

(d)  The  next  earest  interfering  ship  is  at  to  kyd. 

3.  Silent  sectors  provide  very  little  additional  freedom  from  direct 
arrivial  interference  (at  most  l(i) . The  increase  complexity  of  the  circuits 
and  of  the  additional  operator  duties  completely  offset  any  advantage  they 
provide.  This  conclusion  is  not  meant  to  remove  the  requirement  for  a zero- 
time skip  through  the  stern  sector. 


h.  Rumble  (the  reverberation  from  other  PAIR  ships)  is  not  0 problem 
when  the  ships  ore  at  the  required  spacing. 

5.  The  ratio  of  maximum  detection  range  of  PAIR  to  that  of  AN/CQS-23 
is  estimated  at  1,3  for  targets  in  a ICO  ft  layer  and  is, estimated  ot  1.8 
for  below-layer  targets, 
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II.  DETECTION  RANGE  COMPARISON 

The  bulk  of  the  detection  range  comparisons  have  been  carried  out  with 
the  NEL  sonar  performance  modeling  program*.  Three  types  of  geometries  were 
considered  at  ship  and  target  speeds  of  15  knots  and  5 knots  respectively: 

Type  1.  The  target  travels  in  a straight  line  at  an  angle  0 relative 

to  own  ship  heading  and  crosses  own  ship  path  at  a distance  R ahead  of  own 

ship.  R and  0 are  adjustable.  This  is  a variable  aspect  run. 

Type  2.  The  target  and  own  6hip  travel  parallel  courses  in  opposite 
directions.  Course  separation  and  initial  positions  are  adjustable. 

Type  3-  The  target  and  own  ship  move  in  straight  lines  maintaining 
constant  aspect.  Aspects  were  chosen  to  give  three  valueG  of  target  strength: 
10  db,  15  db  and  20  db. 

The  first  runs  attempted  were  Types  1 and  2.  Typical  runs  are  shown 

in  Figures  Il(a)  through  Il(f),  The  plots  shown  single  ping  detection  pro- 

babilities** for  both  the  PAIR  and  the  AN/ SQS-23  as  a function  of  runnge  in  a 
100  ft  layer  in  100  fathom  water.  The  results  seem  somewhat  optimistic 
to  those  who  have  experience  with  the  AN/SQS-23,  but  it  is  apparent  that  the 
PAIR  detection  range  exceeds  even  the  optimistic  SQS-23  detection  range  by  a 
significant  factor. 

It  soon  became  apparent  that  runs  of  Types  1 and  2 were  inefficient 
approaches  to  determining  the  area  of  ocean  which  could  be  surveyed  by  a single 
ship.  The  constant  aspect  runs 

*T he  sonar  performance  prediction  modeling  program  was  developed  by  Dr.  V.  H. 
Watson  and  t'ne  results  reported  herein  were  obtained  by  him  using  parameters 
selected  as  described  in  the  text. 

* " Dot h the  PAIR  and  the  AN/SQS-23  hove  ping-to-ping  integration  which  will  be 
expected  to  improve  the  performance  about  3 db  in  the  case  of  the  PAIR  end 
somewhat  less  in  the  cose  of  the  SQS-23-  A 5“ping  history  appears  on  t'ne  PAIR 
display;  ping-to-ping  integration  in  the  SQS-23  depends  upon  operator  memory 
and  alertness. 
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(Type  III)  were  substituted  for  completing  the  determination. 
The  detection  probability  plots  for  these  runs  are  shown  in 
Figures  11(g)  through  II (r)  for  three  aspects.  As  in  the 
previous  figures,  one  sees  that  there  is  an  abrupt  increase  in' 
detection  probability  in  the  neighborhood  of  the  50 7a  detection 
region,  the  detection  probability  rising  from  less  than  0.10 
to  more  than  0.S0  in  a few  kiloyards.  The  ranges  for  0.50 
probability  of  detection  are  tabulated: 


Table  I 

Ranges  (lcyd)  for  Detection  Probability  = 0.50 
(Layer  Depth  = 100  ft) 


f 

PAIR 

AN/SQS-2 

O 

Target  Strength  (d3) : 

10 

15 

20 

.10 

15 

20 

✓ 

Shallow  Water  (100F) 

In  Layer 

16.5 

18.1 

20 

12.5 

14 

15.5 

Below  Layer 

5.2 

6 

7-2 

2.8 

3-3 

4.1 

Deep  Water  (1400F) 

In  Layer 

16.5 

18 

20 

12.5 

14 

15.5 

Belov/  Layer 

5.3 

6 

— 

8 

2.8 

3-6 

4 

Average 

Range 


1.81 


The  range  ratios  tabulated  show  that  the.  PAIR  exceeds 
the  Ais/SQS-23  in  performance,  providing  1.3  times  the  detection 
range  for  in- the -layer  targets  and  1.8  times  the  detection  range 
for  below- the-layer  targets. 

The  predicted  results  are  supported  to  some  extent  by  the 
tabulations  prepared*  from  fleet  logs  of  sonar  performance. 

■"The  tabulations  were  obtained  from  Dr.  V.7.  H.  Watson.  The 
examples  xnclucad  *xn  tne  La  aula  L on  xncluucn  xn  — tr.e  — Layer  e.sr— 

gets  v/xth  layers  or  100  ft  A ^ r0  rt  and  below—  tne  — Layer  targets. 
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A comparison  of  th 


tabular  ion  for  b e 1 ov;  - the  - 1 ay  e r 


targets  with  the  performance  model  is  shown  in  Eigure  IX (s). 

The  fleet  log  tabulation  is  shown  as  a.  discontinuous  cumulative 
distribution  representing  the  fraction  of  detections  made  at 
ranges  less  than  each  value  them  on  the  horieontal  axis.  The 
three  dashed  curves,  corresponding  to  three  target  strengths, 
indicates  the  expected  AX/SQS-23  performance  for  b el  ov;- the -layer 
targets  obtained  with  the  XEL  performance  modeling  program.  If  . 
it  is  assumed  that  the  detections  made  at  greatest  range  are 


'made  because  target  strength  is 


high  and  the  last  targets'  de- 


tected at  close  range  are  those  with  the  smallest  target  strength, 
a composite  curve  which  is  asymtotic  to  the  20  db  plot  at  long 
range  and  asymptotic  to  the  10  c3  plot  at  s.hort  range  can  be 
drawn  which  would  approximate  the  expected  sonar  performance. 
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ranges  less  than  5 kyd.  The  discrepancy  between  the  tv;o  curves 
at  larger  ranges  probably  indicates  possible  variation  in  layer 
conditions  some  distance  from  own  ship,  a few  cases  with  still, 
higher  target  strength,  bottom  bounce  ’returns,  or  even  logging- 
errors.  1 el  ov/- layer  performance  beyond  6 kyd  is  certainly  not 
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ults  for  above-layer  targets  are  shown  in 
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a rise  in  fraction  of  aargets  detected  with  approximately  the 
same  slope  as  she  fleet  log  distribution.  The  predicted  range 
at  which  the  rise  occurs  is  somewhat  larger  than  the  observed 
range  . . bnetner  tans  das  serous  e manatees  aamacentres  an 
setting  the  display  gain  and  mai. — ir.ir.g  brightness,  operator 
alertness,  or  errors  in  the  modeling  cannot  be  stated  at  this- 
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It  should  be  pointed  out  that  in  all  of  the  operational  results 
selected  for  comparisons  detections  were  made  and  no  examples  were  in- 
cluded in  which  a target  was  present  when  no  detection  was  made.  The 
question  of  operator  alertness  is  very  important  when  examples  of  this 
type  are  included. 

In  summary  of  this  comparison  the  following  statements  con  be 

made : 

(a)  The  parameters  chosen  to  describe  the  performance  of  the 
AN/SQS-23  predict  a performance  slightly  better  than  is  observed  in 
operational  situations  where  detections  ore  made.  For  in-loyer  targets 
the  performance  model  predicts  detection  ranges  about  40$  higher  than 
those  observed;  for  below-loyer  targets  the  performance  model  predicts 
ranges  essentially  in  agreement  with  those  observed.  The  optimistic 
results  possibly  arise  because  of  normalization  difficulties  in  the  opera- 
tional SQS-23. 

(b)  Since  the  PAIR  system  parameters  chosen  for  the  prediction 
model  were  selected  using  the  6ame  principles,  it  must  be  assumed  that 
the  PAIR  predicted  results  will  have  comparable  volidty,  that  is,  will  at 
most  be  slightly  better  than  the  performance  which  will  be  observed. 

(c)  In  view  of  the  statements  (a)  and  (b)  the  ratios  of  detec- 
tion ranges  predicted  by  the  PAIR  and  the  AN/SQS-23  will  be  reliable 
numbers.  The  ratios  of  effective  detection  ranges  are 

PAIR  Pet  Range  _ 1'3  for  ^-layer  targets 

AN/SQS  Dct  Range  , 0 _ . , ' 

1.8  for  below-loyer  targets. 

« 

(d)  The  minimum  performance  expected  for  the  FAIR,  based  upon 
the  detection  range  ratios  in  (c),  for  the  cases  listed  in  the  fleet  logo 
ore  indicated  in  Figures  Il(u)  and  Il(v). 
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(e)  The  PAIR  maximum  detection  range  predicted  for  (1) 


in- layer  (100  ft  layer)  targets  is  20  kyd;  (2)  below-layer  , 
targets  is  8 kyd.  ' 
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III.  THE  MUTUAL  INTERFERENCE  COMPARISON 

Two  situations  have  been  considered  in  considering  the 
mutual  interference  problem.  One  involves  the  ODT  transmission 
and  one  involves  the  RDT.  In  the  case  of  the  ODT  transmission 
the  direct  arrival  occurs  for  a maximum  of  only  lJiS  ms  and  is 
relatively  unimportant  in  degrading  either  sonar  performance. 

In  this  case  it  is  the  second  ship  reverberation  which  causes 
any  observed  interference.  This  interference  will  be  referred 
to  as  rumble.  The  situation  is  quite  different  during  RDT  trans- 
mission because  direct  arrivals,  when  they  occur,  are  observed 
for  more  than  4 sec.onds . As  a result  there  is  opportunity  for 
degradation  to  occur  over. a 3-5  kyd  range  interval.  Specific 
results  for  the  shallow  and  deep  water  examples  are  illustrated. 

The  examples  presented  were  prepared  with  the  TRACOR  ' 
reverberation  model  which  includes  the  contributions  of  sidelobes. 
Minor  differences  between  the  results  in  this  section  and  the 
preceding  section  will  be  found. 

The  100  ft  layer  in  100  fathom  water  situation  used 
in  the  preceding  section  is  employed  in  the  following. 

Figure  111(a)  shows  a plot  of  target  echo  level  (Target 
Strength  = 15  dB)  and  reverberation  level  as  a function  of 
range  on  the  display  for  the  ODT  with  a source  level  of  120  dB. 

The  echo  level  exceeds  the  reverberation  level  to  a display  range 
of  about  4 kyd.  Beyond  this  range  the  masking  background  is 
own  ship  noise.  The  507.  detection  level  for  PAIR  at  a low 
clutter  rate  (~  10  clutter  points  per  display  sweep)  including 
ping-to-ping  integration  is  dotted  2 dB  below  the  masking  level. 

The  corresponding  lowest  level  for  507.  detection  by  the  ideally 
normalized  AN/SQS-23  is  shown  2 dB  above  the  masking  level.  A 
poorest  performance  level  (upper  limit)  for  the  SQS-23  is  marked 
10  dB  above  the  masking  level.  These  levels  represent  the  required 
echo  levels  so  that  detection  can  be  accomplished  507.  of  the 
time  at  the  specified  clutter  rates. 
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The  intersections  of  the  507.  detection  curves  with  the 
target  echo  level  determine  an  estimate  of  the  maximum  range  at 
which  detection  probability  can  be  greater  than  or  equal  to  0.50 
for  each  of  the  processors.  These  ranges  are  6.7  to  9.5  kyd 
for  the  AN/SQS-23  and  11  kyd  for  the  PAIR.  In’  the  absence  of 
interference  from  other  ships  one  would  expect  a PAIR  ship  to 
be  capable  of  searching  to  a distance  1.2  to  1.6  times  the 
corresponding  distance  to  which  a SQS-23  ship  can  search. 

When  a second  ship  is  transmitting  the  same  signal  type 
(120  dB,  ODT) , an  interfering  signal  arrives.  The  interference 
which  is  caused  by  a second  ship  at  5000  yards  is  also  illustrated 
in  Figure  111(a).  The  large  spike  is  the  direct  arrival  and 
the  direct  reflection  from  the  bottom.  Thereafter  the  interference 
is  rumble.  The  plot  shows  the  interfering  level  in  a receive, 
beam  not  pointed  at  the  interfering  ship,  a 20  dB  reduction 
bedause  of  directivity  pattern  being  assumed. 

Except  for  the  direct  arrivals,  no  interference  with 
either  system  can  occur  before  the  display  range  of  9 to  11  kyd. 
This  is  easily  seen  by  imagining  the  rumble  plot  to  slide  back 
and  forth  across  the  plot  while  maintaining  its  level  constant. 

When  rumble  is'  equal  to  the  masking  level  without  interference 
the  combined  masking  level  is  3 dB  higher  than  either  alone. 

Under  this  condition  the  dashed  lines  representing  507.  detection 
levels  must  be  ’raised  3 dB.  This  condition  is  almost  exactly 
the  situation  shown  in  Figure  111(a)  . If  the  507.  detection 
level  is  raised  3 dB  for  the  A^/SQS-23  and  the  PAIR  the  maximum 
detection  range  for  the  SQS-23  lies  between  5.8  and  8.2  kyd  and 
the  maximum  detection  range  for  the  PAIR  lies  at  10  kyd.  Both 
systems  are  degraded  slightly. 

The  degradation  of  the  PAIR  is  of  primary  interest  in 
this  discussion.  The  total  useful  range  of  PAIR  without  inter- 
ference under  the  assumed  water  conditions  is  11  kyd.  * The  direct 
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arrival  causes  144  ms  of  interference  whenever  it  appears  on  the 
display.  It  blanks  110  yds  of  display  in  most  bearings,  approxi- 
mately 1%  of  the  useful  11  kyd  region  of  the  display.  The 
rumble  produces  a more  serious  interference.  When  it  arrives  ’ • 
with  its  peak  around  10.5. kyd  it  removes  1 kyd  from  the  11  kyd 
useful  portion  of  the  PAIR  display.  The  probability  that  it- 
will  fall  in  this  display  region  is  also  i/ll.  The  rumble 
reduces  the  useful  PAIR  range  on  the  average  no  more  than 
1/121  ~ 1%. 


It  f ollow s that  the  direct  arrival 'plus  the  rumble  cause,, 
on  the  average,  2%  of  the  11  kyd  useful  to  PAIR. to  be  ineffective 
when  the  interfering  ship  is  separated  from  own  ship  by  5 kyd.'- 

Increasing  the  ship  separation  to  7*5  kyd  reduces 
the  rumble  by  3-dB.  It  can  be  concluded  that  ships  separated 
by  more  than  7*5  kyd  are  not  degraded  by  anything  but  the  direct 
arrival.  This  statement  can  also  be  made  for  increased  water 
depth  because  the  increased  depth  decreases  the  reverberation 
term  not  the  noise  level  term.  This  comparison  was  made  with 
both  ships  transmitting  in  the  same  band.  When  the  ships  trans- 
mit parallel  slides,  the  direct  arrivals  mark  the  displays. 

When. crossed  slides  are  employed-,  the  displays  do  not  mark, 
but  detection  is  prevented  during  the  arrival.  When  the  ships 
employ  separate  bands  with  as  much  as  60  dB  isolation,  rumble 
and  direct  arrival  suppression  is  obtained;  this  additional 
rejection  assures  the  absence  of  interference  of  any  type  for 
ships  separated  by  as  much  as  J .5  kyd. 

Figure  111(b)  shows  similar  relationships  between  the 
target  and  background  levels  for  RDT,  135  dB  source  level  in 
deep  water.  In  this  example  the  PAIR  .is  effective  out  to  18  kyd.; 
the  AN/SQS-23  is  effective  to  14  to  17  kyd.  The  interfering 
arrivals  from  a second  ship  categorized  as  rumble  behave  very  • 
much  like  the  rumble  characteristics  discussed  in  connection 
with  Figure  III (a)  and  will  not  be  included  here  except  to  say 
that  no  trouble  is  experienced  from  it  if  ship  separations 


exceed  7.5  kyd. 


IHli  OCCUMfMf  CCN  IAINS  INfOJMATICM  ArrCCXMC  HIE  HAPOMAl  OfftN 
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A much  more  serious  form  of  interference  is  caused  by 
the  RDT  direct  arrival  from  the  interfering  ship.  As  the 
rotating  beam  of.  the  interfering  ship  sweeps  by  its  beam  pattern 
sets  the  interfering-  level  at  the  own  ship  receiver.  The 
duration  of  the  interference  is  more  than  4' sec  so  that  dur- 
ing the  worst  interference  a x"ing  more  than  3 kyd  in  width  marks 
the  display.  The  level  of  the  direct  arrival  is  shown  as  a 
beam  pattern  on  the  plot  with  the  main  beam  arrival  at  5.8  kyd 
on  the  display.  The  dashed  pattern  is  a bottom  bounce  arrival 
shown  with  the  main  beam  arrival  at  10. 3 kyd.  Usually  these 
arrivals  are  separated  by  much  less  than  4.5  kyd.  They  are 
shown  in  these  positions  ‘to  indicate  the  display  range  at  which 
they  cause  interference.  The  levels  shown  are  those  caused  by 
an  interfering  ship  at  20  kyd  in  water  having  a depth  of  1400. 
fathoms . 

^ Clearly  this  interference  makes  the  PAIR  ineffective 
over  somewhat  over  4 kyd  (the  sum  of  the  overlapped  arrivals) 
of  its  18  kyd  effective  range  when  the  arrival  occurs  between 
7 and  17  kyd  on  the  display.  The  probability  of  arriving  in 
this  range  is  10/ (18  + 3)  =*  0.47*  In  this  fraction  IS  kyd  is 
the  useful  PAIR  range,  3 is  the  range  equivalent  of  the  own 
ship  RDT  time,  and  10  is  the  length  of  range  interval  in  which 
interference  is  serious.  The  fraction  of  effective  range 
degraded  is  4/l8,  4 kyd  out  of  18  kyd.  The  fraction  of  useful 
range  made  ineffective  on  the  average  per  interfering  ship  is 
no  more  than 

0.47  (|g)  = .10  . 


Silent  sectors  do  no  more  than  remove  the  central  peak 
from  each  pattern  and  can  therefore  provide  little  relief  from 
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time  of  the  interference.  Again  the  best  measure  against  the 
interference  is  an  adjacent  transmission  band  with  at  least 
60dB  of  isolation. 

By  way  of  summary  the  following  statements  are  made. 

(a)  • ODT  direct  arrival  degrades  the  PAIR  on  the  average 

1 7.  of  the  time  for  ship  separations  to  20  kyd. 

• 

(b)  ODT  rumble  does  not  degrade  PAIR  for  ship  separations 
beyond  7. 5 kyd. 

(c)  RDT  direct  arrival  from  a single  ship  removes  107. 
of  the  useful  PAIR  display  on  the  average  with  a ship  separation 
of  20  kyd . 

• ' ‘ % . 

(d)  Silent  sectors  do  very  little  to  aid  the  mutual 

interference  problem. 

(e)  Crossed  slides,  prevent  marking  of  the  display  but 
do  not  prevent  interference  with  detection. 

(f)  An  adjacent  transmission  band  with  60  dB  of  isola- 
tion is  the  most  effective  measure  for  preventing  mutual 
interference. 

• f 

■ 1 •'  • • — 
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IV.  . REQUIRED  SHIP  S PACINGS 


(a)  Mutual  Interference  Absent 


Table  I of  Section  II  shows  that  the  spacings  of  . . 
AN/SQS-23  ships  along  a line  must  be  5.6  kyd  to  provide  a high 
probability  that  no  submarine  can  slip  by  the  line  below  the 
layer.  Figure  IV (a)  shows  such  a line  of  five  ships  sweeping 
an  area  about  23  kyd  across.  Figure  IV (b)  shows  a similar 
situation  with  PAIR  ships  spaced  at  10.4  kyd.  Three.  PAIR 
ships  sweep  an  area  31  *'2 'kyd  in  width  with  the  same  effectiveness. 

It  will  be  noticed  that  there  is  a distinct'  ad-, 
vantage  with  the  PAIR  ships.  This  relatively  great  advantage 
arises  because  of  its  relatively  greater  performance  effective- 
ness for  below-layer  targets.  When  ships  (PAIR  or  AN/SQS-23) 
are  spaced  to  detect  all  the  below  layer  targets,  the  above- 
layer targets  are  detected  with  ease. 

(b)  When  mutual  interference  is  introduced  into  this 
picture  there  is  little  degradation  of  the  PAIR  system. 


In  the  deployment  shown  in  Figure  IV (b),  adjacent 
PAIR  ships  utilize  adjacent  transmission  bands,  hence  see  no 
interference.  The  interfering  ships  are  the  alternate  ones, 
separated  by  20.8  kyd.  If  crossed  slides  are  used  there  will  be 
no  clutter  on  the  display,  but  10%  of  the  displays  of  these 
alternate  ships  will  show  no  targets  on  the  average.  The  nearest 
ship  which  can  mark  the  display  of  a particular  ship  will  be 
41.6  kyd  away  and  it  can  interfere: with  significantly  less  than 
107.  of  the  display.  It  is  therefore  safe  to  say  that  the 
effectiveness  of  a PAIR  ship  will  be  reduced  at  most  107.  with 
this  spacing.  . 


Since  the 
is  also  expected  to  be 


SQS-23  is  also  subject 
degraded  significantly . 


to  interference  it 
Even  with  three 
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isolated  transmission  bands,  the  nearest  interfering  and  marking 
signal  comes  from  a ship  16.8  kyd  away  so  the  situation  seems 
a little  worse  than  for  the  PAIR. 

The  interference  models  studied  thus  far  have  assumed 
that  ROT  interferes  with  RDT  and  ODT  interferes  with  ODT  It 
is  true  the  ODT- will  cause  no  trouble  with  the  RDT  cases.  The 
reverse  is  15  dB  worse  than  the  worst  RDT  case  described  when 
the  RDT  arrival  falls  on  the  ODT  searchscale.  For  the  case  of 
ODT,  5 kyd  search  followed  by  RDT  20  kyd  search  on  both  ships, 
not  quite  synchronous,  the  4 sec  RDT  of  each  ship  marches  through 
the  ODT  and  RDT  display  of  the  other.  The  interference  with  "the 
RDT  has  already  been  considered. 

The-  interference  with  the  ODT  display  is  .67% 
when  it  occurs.  Its  probability  of  occurrence  is  4/(6  + 24)  = .13. 
The  denominator  is  the  sum  of  the  'ODT  search  time  and  the  trans- 
mit and  listen  in  the  20  kyd  search.  The  decrease  in  effectiveness 
is  therefore  (.67X43)  =0.1%. 

There  is  one  other  way  of  reducing  interference 
and  that  is  to  synchronize . transmission  times  so  that  transmission 
from  a particular  ship  and  one  set  of  interfering  transmission 
occur  at  the  same  time.  This  is* not  a possible  solution  for 
both  ships  of  the  interfering  pair  except  in  fortuitous  circuit-  . 
stances » It  would  be  useful  to  a ship  near  the  center  of  a line 
of  ships  who  was  bothered  by  the  alternate  ships  on  both  sides 
because  it  could  remove  one  of  the  interferences  completely. 

This  section  may  be  summarized  briefly  with  two 
statements:  .•  . . 


(1)  When  ships  are  spaced  on  a line  such  that  the 
probability  of  sweeping  below  the  layer  targets  from  the  area 
aerated  by  the  line  exceeds  50%, nearly  half  as  many  PAIR  ship  s 

^ o £ V /c,AC»^'r  1 * 


rr  m 


40 


CONFIDENTIAL 

V.  MODELING  PARAMETERS  AND  ASSUMPTIONS 

The  list  of  parameters  used  in  the  various  simulations  is  presented 
here.  Each  list  or  curve  is  headed  by  a Reference  Number.  The  system  para- 
meters under  Reference  Number  S?7l4~l  are  for  the  PAIR  System.  The  system 
parameters  under  Reference  Number  S?7l4-2  are  for  the  AN/SQS-23;  most  para- 
meter values  are  left  blank  in  this  list.  Those  parameters  are  the  same  as 
■ for  the  PAIR  system,  as  is  noted  at  the  bottom  of  the  page.  Where  a Refer- 
ence Number  appears  for  a parameter  value,  the  parameter  is  a variable  which 
f is  given  as  a curve.  The  curve  is  given,  in  tabulated  form,  under  the 

Reference  Number  listed  in  lieu  of  a constant  value.  Tabulated  curves  in- 
cluded processing  and  display  gain,  transducer  lobe  patterns,  the  ship  self- 
noise versus  velocity,  the  submarine  target  strength  versus  aspect,  and  the 
velocity  profiles.  The  transmitted  horizontal  beam  pattern  is  not  given,  as 
in  either  RDT  or  ODT  the  lobe  pattern  is  not  significant  for  detection  pur- 
. poses.  Therefore,  the  directivity  index  was  used,  and  was  sufficient  to 
provide  a correct  reverberation  simulation  model.  The  transmitted  beam 
pattern  was  used  in  the  RDT  mutual  interference  simulation,  and  the  trans- 
mitted horizontal  beam  pattern  is  essentially  identical  to  the  receive  hori- 
zontal beam  pattern. 

Two  environmental  profiles  are  used,  one  for  600  feet  bottom  depth 
end  one  for  8400  feet  bottom  depth.  Only  the  8400  foot  profile  is  given, 
because  the  600  foot  profile  was  identical  except  for  the  bottom  depth, 
and  the  some  curve  was  given  the  computer  for  both  conditions.  The  bottom 
depth  input  was  separate  and  was  all  that  was  required  by  the  program  to 
correctly  model  the  environment. 
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I.  TASK  NUMBER:  21 

II.  TASK  TITLE;  Performance  and  Operations  Analysis 
III.  INVESTIGATOR(s ) : Dr.  W.  Watson,  Dr.  3.  3rovn,  TRACOR 

IV.  CONCLUSIONS: 

A.  Recommended  Changes  to  the  Specification 


None 

B.  Suggested  Improvements 
None 

C.  Need  for  Continued  Investigation 

In  order  to  evaluate  the  effectiveness  of  the  proposed  SQS-23 
(PAIR)  System,  a performance  and  operational  analysis  of  both  active  and 
passive  detection,  tracking,  and  classification  capabilities  must  be  con- 
ducted in  .the  light  of  various  geographical  and  tactical  conditions. 

V.  DISCUSSION 

Work  is  in  progress  in  this  area  but  computer  programming  changes  have 
been  more  extensive  than  anticipated,  so  no  firm  results  ore  available  at  this 
time. 
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I.  TASK  NUMBER:  22 

II.  TASK  TITLE:  Human  Factors 

III.  INVESTIGATOR : D.  C.  Lookingbill 

IV.  CONCLUSIONS: 

A.  Recommended  Changes  to  Specification 

No  major  chances  in  the  contract  specification  in  recard  to  this 
task  appear  necessary. 

B.  Summested  Improvements 

Several  improvement  could  be  made  resulting  in  improved  system 
performance  or  operation.  These  are  summarized  below  and  expanded  upon  in 


Part  V. 


1.  Modification  to  the  Display  Console  structure  for  ease  of 


operation. 


2.  Rearrangement  of  controls  and  indicators  for  better  perfor- 


mance. 


3.  Provision  for  mechanically  tilting  of  the  passive  search  paper 
recorder  for  track  correlation. 

4.  Insure  that  the  minimum  audio  frequency  cutoff  is  600  cps  and 
not  1000  cycles  as  now  shown  in  the  display  buttons. 

5.  Figures  6-1  and  6-2  which  give  the  console  layout  are  no  longer 
correct  and  must  be  redrawn. 

C.  Need  for  Further  Investigation 

A review  of  the  revised  console  and  panel  layout  should  be  made  at 
a later  date. 
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V.  DISCUSSION 


A.  Display  Console 

There  is  some  concern  that  adequate  treatment  from  the  human 
factors  standpoint  has  not  been  accorded  the  design  of  the  display  console. 

The  bullnose  or  desk  should  be  kept  clear  of  all  but  the  necessary  controls. 

If  any  indicator  or  control  is  associated  with  a particular  display,  CRT  or 
paper,  it  should  be  mounted  on  that  display  panel  at  the  same  viewing  level 
as  the  display. 

The  desk  should  be  flat  rather  than  sloping.  Care  must  be  exercised 
to  insure  that  penetrations  through  the  desk  panel  is  water  tight  against 
spilled  fluids.  The  clue  evaluator  panel  should  slope  and  line  up  with  the 
adjacent  panels.  The  tactical  range  recorders  are  mounted  far  too  high.  If 
at  all  possible  they  should  be  lowered. 

B.  Control  Grouping 

Further  thought  must  be  given  to  control  grouping  once  the  final 
number  and  types  of  controls  are  selected.  Space  will  have  to  be  provided 
for  the  now  mode  selection  switches  which  in  tium  will  effect  the  present 
panel  arrangement  for  the  active  mode.  These  controls  should  be  grouped 
together  with  a form  of  key  lighting  to  indicate  quickly  the  present  status. 


When  any  non-standard  options  are  used  the  MODS  light  should  so  indicate 
this  fact. 


C.  Trace  Detectability 

Trace  detectability  could  be  improved  for  those  conditions  where 
fairly  consistant  but  marginal  intensity  traces  are  being  laid  down  on  the 
passive  search  paper  recorders,  if  the  operator  had  the  capability  of  lining 
up  the  truces  by  viewing  them  edgewise  along  the  paper.  This  form  of 
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eyeball  integration  might  be  provided  by  mechanically  tilting  the  paper 
recorders  or  hinging  them  at  the  top  edge. 

D.  Passive  Reception 

The  electronics  associated  with  passive  reception  permits 
operation  down  to  600  cps  for  the  low  frequency  end  before  filtering.  For 
most  operating  conditions  it  has  been  found  that  significantly  better  audio 
information  can  be  provided  if  the  lower  frequency  limit  is  extended  below 
1000  cycles.  Since  this  capability  now  exists  in  the  PAIR  system  design, 
the  point  here  is  to  insure  that  the  take  off  point  for  audio  listening  be 
made  ahead  of  any  PADLOC  bandpass  filtering. 
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I.  TASK  NUM3ER:  23 

II.  TASK  TITLE:  Mechanical  Design  and  Cooling 

III.  INVESTIGATOR ( s ) : J.  Reardon,  R.  L.  Bedore  (j.  Lamb) 

IV.  CONCLUSIONS 

A.  Recommended  Changes  to  the  Specification 

Change  paragraph  3.^.2.1  to  — "The  hydrophone  shall  withstand 
all  vibrations  and  shocks  incidental  to  its  intended  use  in  naval  ships, 
including  repeated  subjection  to  a maximum  impulse  pressure  of  3200  psi 
of  0.5  milliseconds  duration  as  cause  by  underwater  explosions,  without 
physical,  electrical,  or  acoustical  damage  or  leakage  of  sea  water". 

B.  Suggested  Improvements 


None 

C.  Need  for  Continued  Investigation 
None 


V.  DISCUSSION 


In  Section  3. k.2.1,  the  impulse  shock  strength  specified  does  not  give 
assurance  that  some  other  form  of  vibration,  shock,  or  flexure  could  not 
cause  damage.  It  is  thus  felt  that  the  more  general  statement  of  the 
original  preliminary  draft  of  the  specifications  should  be  incorporated  as 
stated  in  IV. A.  above. 

It  is  likely  that  the  graphic  recorder  specified  in  would  not 

operate  satisfactorily  during  excitation  by  the  low  frequency  vibration 
specii'ied  in  XIL-STD-167.  Resonance  of  the  belt  or  paper  probably  would 
occur.  However,  satisfactory  operation  of  this  recorder  under  shipboard 
conditions  is  expected  because  of  the  lower  levels  of  vibration.  Perhaps 
a waiver  of  KIL-SID-167  for  the  graphic  recorder  is  in  order. 
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I.  TASK  KuHSSR:  2k 

II.  TASK  TITLE:  Reliability/Maintainability 

III.  INVESTIGATOR(s):  H.  J Klee,  R.  A.  Klug  (Prepared  by  G.  T.  Kemp,TRACOR) 

IV.  CONCLUSIONS 

A.  Recommended  Changes  to  Specification 
1.  On  the  contract  specification: 

a.  The  specification  on  repair  time  should  be  in  terms  of 
Equipment  Repair  Time  (ERT)  rather  than  Mean  Time  to  Repair  (MITR).  The 
recommended  value  for  the  ERT  specification  is  20  minutes. 

b.  The  specification  should  clearly  state  the  confidence 
required  for  demonstrating  MTBF  and  ERT  unless  the  proper  MIISPECS  are 
invoked  which  already  state  these  values. 

c.  Allowable  performance  degradations  should  be  specified 

for  each  mode  for  the  purpose  of  declaring  a mode  failure  due  to  degradation. 

This  should  include  allowable  side  lobe  level  increase  and  bearing  accuracy. 

* 

d.  An  indication  of  the  reliability  and  maintainability 
demonstration  test  methods  should  be  given  in  the  reliability  section  of 
the  contract  specification. 

e.  The  recommended  values  for  KTBF  specification  for  the 


various  modes  of  operation  are  as  follows: 


MTBF  Specification* 


Active  Search 

Active  Track 

Passive  Search 

Passive  Track  (Automatic) 

Passive  Track  (without  Automatic) 
Classification 


1700  Hrs 
1390  Hrs 
1200  Krs 
920  Hrs 
1100  Hrs 
1220  Krs 


*This  recommendation  is  contingent  upon  demonstration  of  reliability  by 
Plan  C of  ML-STD-781  and  on  the  mode  reliability  diagrams  attached  here' 
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2.  On  Reliability  Prediction: 

a.  Complete  redundancy  of  the  CRT  displays  and  of  the  paper 
recorders  should  not  be  assumed  for  all  modes,  but  rather  only  in  the  two 
primary  modes--active  search  and  passive  search. 

b. '  Audio  may  be  assumed  redundant  with  video  (but  not  vice 
versa)  except  in  the  classification  mode,  where  it  should  be  included  in 
the  KTBF  prediction. 

c.  Regarding  the  diagram  of  Figure  7-7  of  Sperry  Vol.  1A, 
a "display  buffer"  block  should  be  included  as  a serial  item  in  front  of 
each  CRT  display. 

d.  Power  supply  redundancy  should  not  be  assumed  if  the  im- 
plementation technique  requires  a significant  down  time  of  the  mode  for  a 
power  supply  failure.  /'If  this  is  the  case,  a mode  failure  should  be  declared 
and  repair  time  (time  to  get  a spare  on  the  line)  counted. 

3.  On  Reliability/Maintainability  Demonstration  Tests: 

a.  Reliability  requirements  are  presently  stated  for  each 
separate  mode.  This  mode  concept  should  be  carried  through  demonstration 
testing  and  incentive  payments. 

b.  The  demonstration  test  should  include  checks  for  degradation 


in  all  modes  of  operation. 

c.  Invoke  sequential  reliability  test  as  per  Test  Plan  C of 
MIL-STD-78I,  which  is  designed  for  a 211  discrimination  ratio  and  risks  of 
10$  on  both  consumer  and  manufacturer. 

d.  Invoke  a maintainability  test  as  specified  in  MIL-M-23313, 
with  appropriate  minor  modifications.  In  view  of  the  wide  variation  ir. 
skills  (with  the  same  experience)  of  repairmen,  it  is  recommended  that  20 


2 


repair  actions  be  performed  by  each  of  four  repairmen  and  the  repair  times 
averaged  for  each  repair  action.  These  20  averaged  repair  times  would  then 
be  used  in  the  framework  of  MIL-M-23313  for  evaluation  of  the  maintainability 
of  the  equipment. 

( 

B.  Suggested  Improvements 

1.  Regarding  Sperry  Vol.  1A,  it  appears  that  the  microelectronic 
integrated  circuit  failure  rate  is  based  on  a temperature  of  70°C.  This 
should  be  rechecked  in  view  of  Sperry's  proposal  to  go  to  multifunction 
chips,  where  the  temperature  of  the  chip  will  probably  be  higher,  thus 
lowering  the  reliability. 

2.  Clarification  of  hydrophone  failure  patterns  is  needed  with 
regard  to  possible  effects  on  beam  pattern  shape  and  side  lobe  levels. 

.3-  Since  the  "Program  Generator,  System  Clock,  etc."  is  used  in 
several  modes,  it  should  be  considered  a critical  item  for  reliability  and 
( should  be  concentrated  on  from  a reliability  standpoint. 

4.  Performance1  checks  on  the  "receiver"  during  the  reliability 
check  test  could  be  divided  into  two  areas;  namely  (a)  a check  on  the 
spatial  portion  of  the  receiver  (from  the  water  through  the  beamformer)  and, 
(b)  a separate  check  of  the  temporal  portion  using  injected  signal  and  noise 
(from  the  output  of  the  beamformer  through  the  display). 

C.  Need  for  Further  Investigation 

1.  A study  is  needed  which  will  determine  the  power  handling 
capabilities  (including  duty  cycle)  of  the  various  transducer  elements, 
driver  amplifiers  end  power  sources  (motor-generator  sets). 

2.  Reliability  and  maintainability  predictions  should  be  evaluated 
carefully  at  the  various  stages  of  design  end  manufacture  by  an  independent 
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3-  A careful  check  should  be  made  on  the  internal  manufacturing 
and  quality  control  inspections  of  the  contractor. 

V.  DISCUSSION 

Essentially  the  same  format  will  be  employed  in  this  section  as  in  the 
Conclusions. 

A.l.(a)  According  to  KIL-K-23313,  the  equipment  repair  time  (ERT) 
should  be  specified  in  the  equipment  specification,  rather  than  XTTR.  Che 
reason  for  this  is  that  a confidence  interval  can  be  put  on  ERT,  whereas  one 
must  assume  a value  for  a (standard  deviation)  in  order  to  put  a confidence 
interval  on  KTTR. 

The  recommended  value  for  the  ERT  specification  of  20  minutes 
reflects  a maximum  acceptable  ERT  of  5l  minutes  (see  Section  6.1  of  MIL-M- 
23313- ) This,  in  turn,  corresponds  to  a maximum  acceptable  .XTTR  of  2 hours 
under  the  assumption  of  a = .55- 

A.l.(b)  A straightforward  method  of  handling  the  confidence  problem 
is  to  invoke  a self-contained  specification  for  demonstrating  XT 3?  and  ERT, 
such  as  MIL-STD-781  (with  a choice  of  the  proper  test  plan)  and  XIL-M-233I3A. 
Each  of  these  specifications  clearly  state  the  risks  to  both  consumer  and 
manufacturer  as  well  as  the  discrimination  ratio  (the  ratio  of  the  speci- 
fied or  design  XTBF  to  the  minimum  acceptable  XT3F  or  the  equivalent  for 
ERT). 

NOTE:  that  in  each  of  these  specifications  the  value  of  XT3F  or  ERT  speci- 
fied for  use  with  them  is  not  the  value  in  which  one  has  the  specified 
confidence.  However,  they  are  set  up  such  that  if  the  true  XT3F  or  ERT  (if 
tested  for  a very  long  time)  is  as  specified,  then  the  test  will  be  passed 
(except  for  the  manufacturer's  risk). 


LSc^J  j/sJ. 

Therefore,  due  to  the  very  low  probability  of  both  displays  of  either  type 
being  down  at  the  same  time,  the  displays  should  be  ignored  in  calculating 
MTBF  for  those  two  modes.  However,  any  other  mode  which  depends  on  a par- 
ticular display  would  have  a declared  failure  if  either  display  of  that  type 
failed.  The  MTBF  predictions  should  reflect  the  probability  of  failure  of 
either  one  of  the  two  displays.  The  modes  for  which  this  is  applicable  are: 

Active  Track 
Passive  Track 
Classification 

In  view  of  this  suggested  change,  the  specified  MTBF  for  the 
above  three  modes  should  be  altered  to  reflect  the  change.  For  example, 
the  failure  rate  of  one  CRT  and  display  circuitry  is  given  by  Sperry  as  11$ 
per  1000  liours.  However,  the  failure  rate  for  both  of  these  displays  is 
22$  per  1000  hours.  Combining  this  with  the  data  in  the  Sperry  Vol.  1A, 
one  obtains  the  following: 

Mode MTBF  Availability 


Active  Search  1700  .9993 

Active  Track  1390  (2000)  .9990 

Passive  Search  1200  .9990 

Passive  Track  (w/o 

auto  track)  1100  (2000)  .9935 

Passive  Track  (with 

auto  track)  920  (lb50)  .9933 


Classification  (Needs  further  investigation) 

A.2.(b)  Although  the  audio  may  be  helpful  for  using  the  various  modes, 
it  is  felt  that  the  only  mode  which  would  suffer  significant  performance 
degradation  is  classification. 


A.2.(c)  The  recommended  change  is  due  to  a change  in  the  proposed 
circuit.  This  tends  to  make  the  modes  more  independent,  which  is  good  from 
a reliability  standpoint. 

A.2.(d)  Power  supply  redundancy  is  an  excellent  idea,  but  the  method 
of  implementation  should  determine  whether  a mode  failure  is  declared  when 
the  supply  in  use  fails.  For  example,  if  the  spare  is  automatically  switched 
'nto  the  circuit  and  essentially  no  down  time  is  incurred,  no  failure  should 
be  declared.  However,  if  it  is  a matter  of  observing  a fault  indication, 
chasing  down  the  proper  cabinet  and  wiring  in  a new  supply,  this  is  a failure 
even  though  the  repair  time  is  short  compared  to  actually  repairing  the 
failed  supply. 

A.2.(e)  The  recommendation  of  this  sect 'on  is  based  on  the  assumption 
that  stabilization  and  autotrack  are  separate  functions.  Loss  of  stabili- 
zation would  degrade  fire  control  information  under  most  sea  conditions  so 
that  a mode  failure. should  be  declared,  or  some  evaluation  of  the  degradation 
(somewhat  subjective  or  it  could  be  done  on  a statistical  basis)  must  be  made 
If  loss  of  autotrack  does  not  affect  fire  control  information, 
then  it  would  not  be  declared  a mode  failure.  However,  if  a performance 
degradation  can  be  attached  to  its  loss,  this  could  be  used  toward  declaring 
a mode  failure. 

A. 3. (a)  The  reliability  or  availability  of  a complete  system  is  diffi- 
cult to  determine  because  of  the  employment  of  several  modes  of  operation 
which  are  in  many  ways  independent.  For  example,  failure  of  a CRT  display 
does  not  make  the  system  unavailable,  but  does  impair  performance  from  the 
desirable  level.  Thus,  it  is  recommended  that  the  modes  be  used  in  the 
determination  of  MT3F  ar.d  the  resultant  incentive  payment  (see  5 below). 


In  view  of  the  specification  of  the  same  repair  time  for  each 


mode,  it  seems  appropriate  to  lump  all  repair  actions  together  to  obtain  a 
system  repair  time.  The  same  reasoning  applies  to  the  times  between  un- 
scheduled maintenance. 

A.3«(b)  There  are  types  of  component  failures  in  each  mode  which  would 
not  put  the  mode  out  of  operation,  but  which  would  degrade  performance.  The 
demonstration  test  should  include  periodic  checks  for  performance  degradation 
for  comparison  with  the  allowable  degradations  set  forth  in  the  contract 
specification. 

A.3»(c)  Sequential  (ST)  versus  Fixed  Time  Tests  (FTT). 

There  are  several  subtleties  in  the  statistics  of  these  two 
types  of  tests,  but  only  a few  of  the  key  points  will  be  presented  here  in 
simplified  form  (a  considerable  amount  of  literature  is  available  on  both 
types,  the  AGREE  report  being  an  easily  read  document  regarding  sequential 
testing.  Abraham  Wald 's  "Sequential  Analysis"  is  a basic  text  on  the 
subject) . 


The  essence  of  the  following  discussion  is  to  point  out  that 
for  the  information  desired  for  MTBF  determination  with  any  specified  con- 
sumer's and  manufacturer's  risks  and  discrimination  ratio,  the  sequential 
test  will  yield  the  answers  in  about  half  the  time  on  the  average,  but  never 
in  longer  time,  than  the  fixed  time  test.  Therefore,  if  a certain  test  time 
is  available,  one  can  either  use  the  same  risks  and  reduce  the  discrimination 
ratio  below  that  of  an  equivalent  fixed  time  test,  or  hold  the  discrimination 
ratio  and  get  a smaller  risk  on  either,  or  both,  parties.  This  is  on  the 
average  and  any  particular  case  will  vary  in  required  test  time. 
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In  a FTT,  the  test  time  must  be  specified  in  advance  and  the 
entire  test  completed  for  the  statistics  associated  with  the  test  to  have 


meaning. 

In  a ST,  such  as  those  specified  in  KIL-STD-781,  if  the  failure 
time  curve  crosses  the  accept  or  reject  line,  the  test  is  terminated  and  the 
statistics  still  have  meaning. 

The  previous  two  paragraphs  are  saying  that  in  the  ST,  one 
takes  advantage  of  being  able  to  observe  the  failure  time  experience  and  use 
it  to  make  an  early  decision  (in  most  cases),  while  in  a FTT,  one  is  not 
allowed  to  do  this.  Rather,  one  must  wait  until  the  end  of  the  test  to  make 
his  judgement.  The  result  of  this  difference  is  that  on  the  average,  the  ST 
can  be  completed  in  just  over  half  the  time  of  an  equivalent  FTT  The 
"equivalent"  means  the  same  manufacturer’s  and  consumer's  risks,  the  same 
discrimination  ratio  and  the  same  MTBF  requirements.  Of  course,  any  specific 
case  will  vary  frorj  the  average,  but  in  no  case  will  the  ST  ever  be  longer 
than  the  equivalent  FTT. 

It  is  rather  simple  to  incorporate  the  incentive  payment  idea 
into  sequential  testing.  Basically,  one  "aims"  first  at  the  highest  payment 
(largest  MTBF).  If  he  is  rejected,  he  goes  for  the  next  lower  one,  etc. 
until  he  is  accepted  on  a particular  level. 

An  example  of  how  the  ST  is  useful  may  help  clarify  the  con- 
cept. If  one  is  testing  an  equipment  against  a 500  hr  specified  MTBF  with, 
say  90$  confidence,  if  he  runs  for  2500  hours  without  a failure,  one  would 
feel  that  he  had  a "winner".  The  ST  would  agree,  on  a sound  statistical 
basis,  and  the  test  would  be  terminated  long  before  an  equivalent  FTT.  On 
the  other  hand,  if  5 or  6 failures  occurred  in  the  first  few  hundred  hours, 
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one  would  be  suspicious  that  he  had  a "loser"  and  rightfully  so.  The  ST 
would  agree  and  terminate  the  test  with  a reject  in  a short  tine  compared 
to  an  equivalent  FTT. 

A.3.(d)  In  general,  the  maintainability  specification  KIL-K-23313A 
is  a very  good  one  and  covers  most  of  the  important  points.  It  clearly 
states  the  risks  to  both  parties  and  states  how  the  risks  change  if  a second 
test  (recommended  if  the  first  test  is  failed)  is  conducted.  The  specifi- 
cation is  written  for  20  repair  actions  and  lays  the  ground  rules  for  failure 
simulation. 

One  area  of  the  MIL  specification  which  is  subject  to  question 
is  the  use  of  only  one  repairman.  The  main  object  of  the  maintainability 
test  is  to  demonstrate  the  maintainability  design  of  the  equipment,  not  the 
peculiarities  of  a particular  technician.  Therefore  it  is  recommended  that 
only  20  failures  be  simulated,  but  that  these  20  failures  be  repaired  by 
each  of  four  technicians.  It  is  realized  that  the  K factor  adjustment 
takes  some  account  of  experience,  but  not  of  innate  skills  and  judgements. 

The  K factor  would  still  be  applied  to  the  technicians  and  their  times 
averaged  for  use  with  MIL-M-23313.  In  this  way,  the  statistics  of  the 
specification  remain  essentially  unchanged,  whereas  if  the  number  of  repair 
actions  is  increased,  several  "constants"  in  MIL-M-23313  would  require  modi- 
fication. 

3.1.  This  discussion  assumes  that  the  reliability  predictions,  failure 
rates,  etc.  in  the  Sperry  Vol.  1A  were  made  on  the  basis  of  the  normal  RTL 
micrologic  circuit  chips,  where  70°C  was  assumed  to  be  the  operating  tempera- 
ture. If  this  be  true,  then  Sierry's  proposed  change  to  the  multifunction 
chip  would  cause  a higher  chip  temperature  and  thus  a somewhat  lower  reiinbil 


V. 
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The  increase  in  the  amount  of  circuitry  on  the  chip  and  the  increase  in  chip 
site  indicate  about  a 40 c'o  increase  in  circuit  density,  but  no  temperatures 
are  presently  known  (perhaps  Sperry  has  some  idea). 

B.2.  Xore  information  is  needed  regarding  how  a failure  of  s single 
element  will  affect  the  stave  response.  The  Sperry  Vo. LA  treated  the  hydro- 
phones as  staves  which  is  satisfactory  provided  an  element  failure  removes 
the  entire  stave  signal.  Otherwise,  the  degradation  is  not  so  severe. 

Single  element  failures  across  the  array  have  little  serious  pattern  effect, 
but  a few  stave  failures  near  the  array  center  can  cause  high  side  lobes. 

If  the  elements  can  be  isolated,  this  should  reduce  the  hydrophone  failure 
problem  to  negligible  consequences.  However,  further  study  is  needed  in  this 
area. 

3.3.  This  suggesting  regarding  reliability  of  the  Program  Generator, 
System  Clock,  etc.,  is  only  one  example  of  a critical  item  for  reliability. 
There  are  probably^ other  critical  items  in  the  system,  which  are  weighted 
heavily  in  determining  system  reliability. 

3.4.  The  variability  and  unpredictability  of  the  noise  field  around 
the  hydrophones  makes  it  very  difficult  to  use  a signal  injected  into  the 
water  for  evaluating  the  performance  of  a processor.  It  is  much  more  con- 
sistent and  reliable  to  use  a taped  input  to  the  processor  for  which  a 
theoretical  maximum  output  is  known  for  comparison  with  actual  processor 
performance. 

In  addition  the  performance  of  the  receiving  hydrophones,  pre- 
amplifiers, etc.  through  the  beamformer  could  be  evaluated  by  injecting  a 
signal  in  the  water  and  measuring  the  receiving  response  pattern  periodically 
during  the  demonstration  test. 
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The  need  for  a study  of  the  power  handling 


capabilities  of  the 


C.  1. 


entire  transmitter  section  is  apparent  from  the  increased  duty  cycle  of  the 
PAIR  system.  This  study  should  include  both  a "paper"  analysis  of  the  element 
and  also  a DUMILOAD  test  of  each  type  of  element  and  driver  amplifier  (as 
they  are  used  in  the  system).  A separate  test  could  be  conducted  to  evaluate 
the  capabilities  of  the  mot or -generator  set,  but  care  must  be  taken  to  simu- 
late the  same  load  impedance  as  the  generator  "sees"  in  actual  operation. 

C.  2.  An  independent  review  of  the  reliability/maintainability  pre- 
dictions and  design  is  indispensible  in  catching  design  errors  or  flaws  in 
the  prediction  procedure.  The  review  group  can  be  in  the  same  company,  but 
must  be  independent  of  the  design  group. 

C.  3.  A review  of  the  Quality  Control  procedures  is  just  good  standard 
practice  to  help  assure  a better  product. 


V. 
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Ic  is  not  very  satisfactory  to  simply  specify  vhet  the  experi- 
mental >713?  (test  time  divided  by  raster  of  failures)  shall  be,  since  then 
each  person  reading  the  specification  would  have  no  do  a lot  of  work  to  find 
the  value  in  which  10$  confidence  can  be  placed.  Also,  the  confidence 
value  is  variable  with  test  time. 

A.l.(c)  Performance  degradation  is  to  be  expected  in  the  various  modes 
of  operation  due  to  certain  types  of  component  failures.  In  order  to  evalu- 
ate a mode  failure  cause  by  degradation  it  is  necessary  to  have  specified 
the  degradation  which  will  be  allowed.  It  is  equally  important  to  specify 
either  the  level  from  which  the  performance  may  degrade  or  the  minimum 
acceptable  performance  of  each  mode. 

A.l.(d)  The  various  way  in  which  the  reliability  specification  can 
be  written,  such  as  the  MT3F  proven  with  confidence,  the  required  design 
value  or  the  experimentally  determined  MTBF  from  a test,  makes  it  mandatory 
that  the  person  writing  or  editing  the  reliability  requirements  be  aware  of 
the  type  of  demonstration  test  to  be  employed. 

A. 2. (a)  In  the  present  Sperry  write-up  on  system  dependability,  they 
assume  that  there  is  redundancy  of  CRT  displays  and  also  of  paper  recorders. 
There  is  no  doubt  that  the  ability  to  switch  from  one  display  to  the  other 
is  an  excellent  design  feature  and  merits  reward.  However,  due  to  the  pro- 
posed full  time  use  of  the  various  displays  by  the  several  modes,  it  seems 
that  there  will  undoubtedly  be  some  system  degradation  caused  by  a display 
failure.  If  reliability  is  handled  on  a mode  basis,  one  can  choose  the 
primary  mode  for  each  type  of  display  and  then  assume  display  redundancy 
for  those  modes.  The  recommended  primary  modes  are: 

CRT  Display  Active  Search 

Paper  Recorder  Passive  Search 
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TASK  TITLE:  Grounding,  Wir 

■ing  Shielding 

III. 

ISVESTIGATOR(s) : H.  Klee, 

K.  Somers  and  G.  R.  Potterf 

IV'. 

CONCLUSIONS : 

A.  Recommenced  Changes 
None 

3.  Byrnes teg  Improvements 

None 

C.  Need  for  Continued  Investigation 

1.  The  relative  newness  of  microcircuits  in  a sonar  atmosphere 
necessitates  continued  study  in  the  area  of  magnetic  shielding. 

V.  DISCUSSION 


Conventional  circuits  are  covered  adequately  regarding  grounding- 


wiring  and  shielding  by  the 


3.  Microcircuits  appear  to 
Sperry.  The  techniques  outlined  i 
attached  memorandum  3350-X~5'+l) . 


ry  Specifications  listed. 

have  been  thoroughly  investigated  by 

n their  study  should  be  adequate  (reference 
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3350-X-5U1 

7 September  1965 


From:  G.  R . Pot  v.crf,  Coae  335^d 

To:  Coae  1000 

Vic.:  Code  3300 

Sub  j ; Rep  ore  of  travel  to  Great  Neck,  New  York  duri  r.g  the  period 

of  30  - 31  August  1965 

2nd:  (l)  lieu  of  attendees 

(2)  PAIR  logic  packages 

(3)  Fairchild  application  brief 
(J0  Xemo  on  hot  gas  soldering 

1.  At  the  request  of  Code  2110,  two  members  of  the  NFL  micro- 
electronics laboratory  visited  the  Sperry  Gyroscope  Company,  Great 

«.e v o * .c . — * *e  ^—r^ose  o*  ^ms  v— s— « was  l.g  gatner  rmormaouGn 

on  Sperrys 1 proposed  application  of  microelectronics  in  the  AN/SQS-23 
...Gw.err.izaa-on  program  (PA— :\)  « — w — s apparent  taat  Sperrys  1 use  of 

microelectronics  in  PAIR  will  be  an  extension  of  techniques  used  in 
PADLOCK  III.  Very  little  finalised  design  was  available  for  PAIR; 
moot  of  the  material  discussed  pertained  to  PADLOCK  III  circuitry 
and  proposed  variations  thereof. 

2.  Sperrys 1 choice  of  RTL  circuitry  for  PAIR  is  apparently  based  on 
earlier  decisions  to  use  this  type  of  logic  in  other  systems  ( IKASS, 

I LASS,  Loran-C,  PADLOCK  III,  and  others).  Four  logic  functions  were 
chosen:  an  inverting  buffer,  a dual  two-input  gate,  a dual  three- 

— .npu o ga^e,  ana  a t— K x— rp  ilop.  These  circuits  corrcsponu  t0‘  tne 
airchild  Micrologic  elements  9C0,  911>  915  and  926  respectively, 
perry  is  cross-licenced  with  Fairchild  and  Sperry  Semiconductor, 
orwalk,  Connecticut,  is  a second  source  for  these  circuits.  RTL 
ircuitry  should  perform  adequately  at  the  speeds  anticipated  in 
AIR  (2  me  maximum)  as  long  as  good  practices  are  carried  out  in  the 
csign  of  logic  circuits  (no  data  on  logic  design  available). 

. Sperry  proposes  to  continue  using  Resistor-Transistor  Logic  for 
AIR,  but  plans  to  redesign  the  monolithic  circuits  to  include  more 
unctions  per  package,  as  shown  in  enclosure  (2).  This  idea  is 
imilar  to  Fairchilds  use  of  a quad  two-input  gate  and  a triple  three- 

— e ...  i.s  .e.  ...o  u^e  o * more  co.<»p— ex  . wx . ons  ^er 

r*— txage  s..c.- ^d  ...c. Cuco  sy-vc...  re— — ..0 — ..^.y  — n ...c. . . vjVitx*  herme^.— c 
s ana  — »»v.crccnaoCw— ons  w— — — ..a  rcquarcu.  T-.ese  m.ore  como— ex 
functions  will  be,  however,  entirely  new  circuits,  ar.d  reliability 
-a  ———C  vCSw  a..wM  pertaj— ng  .u  ./.o  ^.tccn.  *'.T L c— rcu— ts  may  not 
— rr— F • / x a .—..a*  o—  Sperry  Sc:u— conaucwor  a as  r.o.  teen  maxing 
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[ SovGc.r.ocr  u-9c>5 


prcccr.v 


C a!TCUaV/G  o.CI"l, 


wu  CC 0 Uii.Ulu C 0 C uCo  u (I i*  w ci • 

*1*-»G  0 0 *1 G !•  G c/OC*  Oa  G o C ^“C  wTcCG  oOG  u g « 


-meir  rc-iaoi-uiwy  cama  so 


cce 


vhorei n an  avcerr.pw  is  made  to  correlate  parameter  chiftc  with 
w**uu  — c c a_*. o vaen  Gx»iiicu  x*aarcn^.-i-a  x^natG  arc  g ug^oc to  one  name 

wO  G GG  • 


*«  • ^ SCm.*co.*uuc  wu*  -*- g x*ow  acGijnm"  woo  ir«ul g i* imc g uon  CL.rc*aatc^ 

one  me  x *rc*/  c^ann  c/V/o— mp\it  at e s oncaic.  come  oif  tnc  u-inc  in 

c...GOk  • * u^i  cGmxC  ana  »a.»eac.o  e*  e a .go  prOc**ace  w/.cgo  carc*a^.tG^ 

A**vj  ^-*e  c«*po«..k.y  dcG-gn.,  i**c^.aau.n^  cn^.^  —G.youw  Guw  no u noceGGara^c.^/ 

exactly  identical  macks  becauce  of  slight  processing  differences  from 
one  ^auT.w  wu  anooner . 


5.  According  to x Sperry,  the  circuits  will  be  mid-range  elc.-ner.ts  and 
a sliding  voltaic*  power  supply  will  be  used  to  ir.ahe  their,  perform  over 
the  y.IL  temperature  range  of  -55°  C to  -'-12p^  C.  line  supply  voltage 


villQdccrease  linearly  from  volt's  at  -55  C to  -^2. 5 vol 
"'*—•25  C a_.d  x.n  t.n x.s  way  tr.e  Cx.rc..tts  are  supposeu  to  meet  ^oedens 


c jCCu,  cl. .a  r.Ox.se  i...»u...uy  specixx.catx.ons  over  tr.e  fua.1  temperature 
* ..Uii  — s cl  ..e w sec....iciuo  ec.a  s*.oum  00  tnorougn-Ly  tested. 
See  * a.rcr.x— u appt-x.catx.or.  or.c.  enclosure  (3)* 
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it  is  evident  that  the  greatest  number  will  come  from  Fairchild. 

Joe  Foediger  stated  that  only  a portion  of  the  1.5-2  million  would 
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7.  Grounding,  shielding  and  signal  and  power  distribution 
well  covered  in  Vol.  1-A,  paragraph  l.lD  of  the  proposal, 
circuits  are  most  sensitive  to  ground  r.oise;  150  mv  on  ground  is 
atOct  t..e  ...oSt  no_i.se  as.*  owaOx.e  .or  relxaOx.0  operatron  ur.aer  worst 
case  conditions.  line  ground  bus  used  on  PADDOCK  III  is  a copper 
Oar,  “ x s/3  , across  eacn  cam  tray,  w it  n a vertices,  tar  used  to 
cc.t.ect  t..e  card  ti-c-y  grour.as  .0  tr.e  power  supply . x.t  wouxu  appear 
t^.0  u o e G.  txUi  xxCcVy  ground  GuGGmTg,  ax .u  mu— metal  cat . 1- c t 


txxCxt  tx 


uO ..  4.0  . 





J 


F 


v. 


3350-y.-5J‘l 

7 September  l^o. 


should  keep  the  noise 


p rollers  under  control.  Sperry  claims  to  have  had  no  noicc  r^roblems 
in  PADLOCX  III  (as  yet  untested).  Power  is  also  distributed  using 
the  heavy  copper  bars.  In  addition,  each  card  is  no  have  an  R-C 
decoupling  network  rr.o unted  upon  it  no  suppress  switching  noise  on  the 
power  supply  lines.  PADLOCK  III  cards,  which  do  nos  use  she 
r*cc * ».x  —wo , . « w*v c op om.Cu  co.  . oc  . — y wf_x 0 * » 0 . P v o... — s ox.  nolco 
or.  Vcc.  PAIR,  however,  will  be  a reach  larger  system  and  decoupling 

aG  a OcGiik-uOituOu  * , 


-iio  r.uiVtOcr  oi 

• wO*  up  v/O  w 


circuits  per  board  as  used  in  PADLOCK  III  is  any 

The  number  for  PAIR 


13  pin  corrector 


a . — .* a *> , w *.e . e as  .Cuevru  .0  use  — ..o  mo^. .x. u. »c u.Oti  Cxau. .g,  h—xs 

not  been  decided  Upon.  Sperry  plans  to  go  to  a connector  with  about 
31  pins,  bus  the  number  of  packages  per  board  will  probably  not  be 
significantly  different.  Spcrrys 1 thinking  is  to  keep  card  cost 
down  so  tact  snoy  can  se  tnrovn  away,  one  nunarea  co-asrcrs  ^ «^1C0 * ) 
wCCtuS  v-o  u2  u.iO  ...x.g-c  ..—...ocr . Piuj*jOG»\  xx.  uses  oi..en  0 d . .e  e o * r.c — — o.  s 
and  these  will  be  used  in  PAIR  also.  In  PADLOCK,  the  cards  are  held 
in  place  with  a spring-loaded  bar  across  the  card  try.  Cards  will 
be  approximately  2"  x 3 "• 


9- 


•no  printea  circuit 
Plat  pack  joining 


w w u t.»xuCi»o  o*  v*o«*vor«wZL cOiupOiiOriwS  oO 

scar'd  will  be  done  by  dip  or  wave  soldering. 

will  be  done  by  a Sperry  technique,  hot  gas  soldering.  This  process 
consists  of  pretinnhg  the  leads  and  printed  circuitry  and  sweat- 
soldering them  together,  with  a hot  gas  used  to  supply  the  heat.  A 
reprint  of  an  article  describing  this  technique  and  some  comments  are 
enclosed  (enclosure  ( 1) ) . On  PADLOCK  III  boards  observed,  the  process 
appeared  to  yield  good  connections.  A slight  bending  of  the  leads  is 
necessary,  but  this  is  done  in  a jig  which  clamps  the  leads  near  the 
body  of  the  package  to  prevent  damage.  The  leads  are  clipped  to  * 
uCa.^j— n Vu.xxC  1 n — ne  jag. 

10.  Analog  circuits  used  in  PADLOCK  III  are  of  both  monolithic  ar.d  . 
mulmichip  construction . Differential  and  operational  amplifiers  are 
built  using  a modified  Texas  Instrument  "Master  Slice"  silicon  chip. 
Sperry  Semiconductor  is  to  be  a second  source.  Feedback  networks 
for  these  amplifiers  are  thin  film  (made  by  Corning  Glass)  taking 
ad vara  age  of  precise  resistor  ratios.  PADLOCK  III  tests  will  show 
how  well  the  specification  on  these  circuits  can  be  mem;  O.OS 
microvolts  self  noise  and  ICO  db  dynamic  range  will  nom  be  easy  to 
achieve.  The  line  driver- standard  voltage  gate  circuit  is  currently 
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II.  It  appears  thit  the  technical  goals  set  for  PAIR,  as  far  ac 

*••-«•£  — oCu.c c oa o.i-CG  — . e C0..CC1  * . o c*  ^ cuo  r<o v — mpooc-toILo  to  reckon*  — n one 


di^itCLl  port  tone  oP  PA-S^  the  APS  circuit: 


onou-a  oo  cc.pc.oio  01 


performing  at  the  anticipated  speeds  (no  data  on  logic  design, 

~l c c~u n ^ ^ CwC • f Ouw  cere  — e ocecen  co  gocGa*vc*  c. ccr^n  ru_^ec  no  pro c* ^.or, 
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see:-.-,  to  be  adoeuate . The  use  of  a sliding  voltage  power  supply  to 
make  midrange  circuits  useable  in  a military  environment  is 
interesting  but  needs  to  be  thoroughly  tested.  Any  attempts  to 
apply  reliability v and  life  test  data  on  PADLOCK  III  RTL  to  the 
multifunction  circuits  should  be  carefully  reviewed.  In  the 
.**.*■«■  -og  ^ .ons  o*  P^v^n\,  *..e  «co  o.  »r*wno^L.wn* c erreu^os  .s 
preferred  over  chipped-up  circuits,  from  a reliability  point  of 
view.  Tee  specifications  calling  for  O.OS  microvolts  of  self  noise 
ar.d  ICC  do  dynamic  range  for  the  amplifiers  may  be  difficult  to 
see w • _ne  no w gas  soauerur..^,  ..eca.-cue  seems  to  troveae  good 
connections.  Tne  number  of  packages  per  card  and  the  card  size 
are  typical  of  many  microelectronic  systems  being  built  today. 
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I.  TASK  KUXB3R : 26 


II.  TASK  TITLE : Torpedo  Detection 


III.  INVESTIGATOR(s) : V.  E.  Xlund  (prepared  by  Dr.  3.  X.  Brown,  TRACOR) 


IV.  CONCLUSIONS 


i.  Recommended  Changes  to  Foecification 


3.  Surest  ed  Ir.orovements 


C.  Need  for  Continued  Investigation 


V.  DISCUSSION 


A.  The  Active  Processor 


When  reverberation  levels,  noise  levels,  and  target  levels  are 
plotted  as  a function  of  range  for  a typical  torpedo  an  iA5°  aspect  the 
torpedo  level  is  found  to  lie  10  do  or  more  below  the  levels  required  for 
50$  detection  using  the  wave  period  processor  with  either  FX  or  CV.T  pulses 
and  the  assumption  of  high  doppler.  Typical  estimates  are  shown  in  sea 
state  L for  a target  strength  of  -15  db  in  Figure  1.  The  dashed  plots  are 
the  50$  detection  levels  for  the  specified  clutter.  The  probability  that 
a torpedo  will  be  detected  by  the  active  system  is  extremely  low. 

B.  The  Passive  Processor 

Detection  of  torpedoes  with  PADLOC  is  illustrated  in  Figure  2.  The 
torpedo  radiation  levels  for  the  MARK  37  snd  the  XAPii  lA  used  in  the  Sperry 
report  and  the  noise  levels  for  a 15-knot  destroyer  and  sea  state  A ore 
shown  as  well.  The  50$  detection  level  is  also  shown  when  the  ship  is  self- 
noise limited  and  when  detection  is  sea  state  A limited.  This  plot  indicates 
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that  passive  detection  to  U kyd  of  a quiet  torpedo  is  possible.  These 
estimates  of  PADuOC  performance  are  within  one  kiloyard  of  the  examples 

'• 

in  the  Sperry  report. 
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I.  TASK  NUMBER:  27 

II.  TASK  TITLE:  Tracking 

III.  INVESTIGATOR(s):  H.  J.  Klee  and  K.  D.  Somers 

IV.  CONCLUSIONS 

A.  Recommended  Changes  to  Specifications 

1.  Change  paragraph  3. 3. 1.1.4  to  read.  . . . "shall  be  less  than 
0.4°  or  less  and  the  range  error  less  than  1#  with  zero  target  depression 


angle. " 


B.  Suggested  Improvements 


C.  Need  for  Continued  Investigation 

1.  Investigate  the  possible  tracking  error  in  excess  of  that 
specified  (0.4°  in  bearing  and  1$  of  range  in  the  active  mode),  due  to  the 
lack  of  complete  stabilization  when  the  target  is  at  other  than  zero  de- 
pression angle.  Refer  to  Task  Number  12.  A study  of  how  this  error  affects 
fire  control  input  accuracy  as  related  to  weapon  delivery  systems  should  be 
continued. 


2.  Further  investigation  should  be  made  of  the  tracking  data  rate 
supplied  to  fire  control,  as  a function  of  the  many  available  ping  sequences. 

3.  Investigate  the  possibility  of  improving  MCC  coverage  at  close 
ranges  to  allow  tracking  of  close  targets  (Refer  to  Part  V). 

V.  DISCUSSION 

A.  Target  Aquisjtion  Range  of  Weapons 

1.  ASROC  and  DASH  delivered  weapons:  Information  on  the  most 

likely  used  weapons  (torpedoes)  indicates  that  they  have  an  aquisition  range 

of  200  yards  for  a 90$  chance  of  acquiring  the  target.  In  the  PAIR  sonar  at  a 
DC 7 N GRADED  AT  3-YEAR  INTJtRV.Uf 
DECLASSIFIED  AFTER  12  YEARS 
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range  of  20K  yards  the  200  yard  error  would  require  hearing  accuracies  of 
o , 

.5  and  a range  accuracy  of  1.0$.  This  is  within  listed  specifications  of 
active  track.  The  bearing  accuracy  using  passive  tracking  is  somewhat 
better  than  that  with  active  tracking  at  relative  bearings  within  65°  of 
either  beam. 

2.  Torpedo;  Tube  Launched:  These  weapons  will  be  used  at  shorter 

ranges,  hence  the  contract  specifications  are  valid. 

3.  Hedgehog:  The  short  range  of  this  weapon  would  allow  greater 
errors  in  range  and  bearing,  however  coverage  in  the  MCC  Mode  would  pro- 
bably be  the  limiting  factor. 

B.  The  tracking  data  rate  supplied  to  fire  control  is  a function  of 
ping  sequence,  and  the  number  of  looks  necessary  to  obtain  a smooth  fire 
control  solution.  Selection  of  the  proper  ping  sequence  should  be  made 
compatible  with  necessary  tracking  data  rates.  A further  investigation 

is  necessary. 

C.  Maintenance  of  Close  Contact 

Figures  1 and  2 show  the  calculated  areas  of  active  transmit 
receive  coverage  and  lack  of  coverage  due  to  transmit  and  receiving  beam 
patterns.  The  combined  transmit -receive  beam  pattern  was  computed  using 
the  standard  sonar  equation  and  the  following  data: 

1.  Sea  State  3 

2.  Ship's  speed,  20  knots 

3.  Transmission  frequency  of  5. 5 -kilohertz 

4.  Recognition  differential  - 12  db. 

5.  A 4 x 48  element  ideal  transmit  beam  pattern 

6.  A Sperry  calculated  receive  beam  pattern  (Figure  4) 
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Figures  1 and  2 depict  areas  of  no  coverage  in  the  MCC  Mode,  therefore 
no  tracking  information  would  be  sent  to  fire  control  for  a target  in  these 
areas.  Further  studies  on  active  and  passive  beam  forming  should  be  made 
to  determine  whether  or  not  this  condition  is  objectionable. 
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I.  TASK  NUMBER:  28 

II.  TASK  TITLE:  Torpedo  Jamming 

III.  INVESTIGATOR(s) : J.  Reardon,  J.  KILisch  (BUSHIPS),  Dr.  Wittenborn 

(TRACOR) 

IV.  CONCLUSIONS 

A.  Recommended  Changes  to  the  Specification 

None 

B.  Suggested  Improvements 
None 

C.  Need  for  Continued  Investigation 

Determine  which  torpedoes  are  adversely  affected,  what  harmonics 
of  the  sonar  affect  it,  what  power  received  at  the  torpedo  at  these  harmonics 
is  detrimental,  etc. 

V.  DISCUSSION 


Investigations  by  John  Klisch  indicate  that  a problem  does  exist  in 
✓ 

this  regard  on  the  MK  46  torpedo,  but  details  have  not  been  determined. 

Dr.  G.  Wittenborn  of  TRACOR  is  investigating  the  possibility  that  the  Mine 
Defense  Laboratory  may  have  studied  this  problem.  Tests  by  the  Naval  Ord- 
nance Test  Station  in  i960  showed  interference  by  the  SQS-23  on  the  MK  44 
torpedo  within  a range  of  1600  yards.  (Reference  Task  Number  l6.) 

Possibilities  to  cope  with  the  problem  in  PAIR  are  to  provide  a reduced 
power  capability,  reduce  the  transmitted  harmonics,  and  provide  a selectable 
silent  sector  on  transmit. 
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I.  TASK  NUMBER:  29. 

II.  TASK  TITLE;  Data  Processing  Unit 

III.  KVESTIGATOR(s) : J.  Reardon,  G.  Goode 

IV.  CONCLUSIONS 

A.  Recommended  Changes  to  the  Specification 

1.  Add  "3.4. 5-10. 4. g)  A paper  tape  reader  shall  he  provided 
which  will  allow  loading  of  programs  into  the  DFU  core  memory  from  punched 
paper  tape. 

2.  Add  "3.4.5.10.7  - Software 

a.  Operational  Program 

(1)  The  contractor  shall  supply  at  least  two  (2)  copies 
of  the  DPU  operational  program  on  punched  paper  tape  suitable  for  loading 
into  the  DPU  core  memory. 

(2)  The  contractor  shall  supply  at  least  two  (2)  copies 
of  flow  charts  of  tjre  DPU  operational  program. 

(3)  The  contractor  shall  supply  at  least  two  (2)  copies 
of  the  DPU  machine  language  printout  of  the  operational  program. 

b.  Diagnostic  and  fault  location  program  for  DPU  checkout. 

(1)  The  contractor  shall  supply  at  least  two  (2)  copies 
of  a diagnostic  and  fault  location  program  on  punched  paper  tape  suitable 
for  loading  into  the  DPU  core  memory  which  will  adequately  exercise  all 
constituent  DPU  program  functions  and  isolate  malfunctions  to  the  level  of 
the  instructions  enumerated  in  Sec.  3.4.5.10.5. 

(2)  The  contractor  shall  supply  at  least  two  (2)  copies  of 
flow  charts  of  the  diagnostic  and  fault  location  program. 
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(3)  The  contractor  shall  supply  at  least  tvo  (2)  copies 


of  the  DPU  machine  language  printout  of  the  diagnostic  and  fault  location 
program.  * 

3.  Add  - "3. *+*5. 10. 8 - Maintenance  Aids 

a.  The  DPU  shall  be  equipped  with  visual  readouts,  such  as 
neon  bulbs  or  suitable  substitutes,  showing  the  contents  of  at  least  the 


following  registers: 


accessed. 


(l)  The  register  selecting  the  memory  cell  which  is 


(2)  The  register  containing  a word  read  from  memory  or  to 


be  written  into  memory. 


controls : 


one  sequence. 


(3)  The  principal  arithmetic  registers. 

(4)  The  principal  input/output  registers. 

b.  The  DPU  shall  be  equipped  with  the  following  manual 


(l)  A control  permitting  the  program  to  be  advanced  by 


(2)  A control  permitting  the  program  to  be  advanced  by 


one  instruction  as  defined  in  Sec.  3*^.5. 10. 5» 


(3)  A control  permitting  the  program  to  advance  until  it 


encounters  a jump  instruction. 


(4)  A set  of  controls  permitting  the  program  to  advance 


until  a designated  address  is  reached  by  the  program. 


(5)  A set  of  controls  permitting  an  inspection  and/or 


change  of  the  contents  of  any  memory  cell." 
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The  added  specifications  are  necessary  to  insure  that  we  have  the 
capability  to  program  and  maintain  the  Data  Processing  Unit,  a general 
purpose  stored  program  computer.  The  readouts  and  manual  controls  speci- 
fied are  typical  for  such  computers. 


GLOSSARY  OF  ABBREVIATIONS 
Automatic  Gain  Control 

Advance  Group  on  Reliability  of  Electronic  Equipment 

Arithmetic  Unit 

Sonar  Train  (Stabilized) 

Computer  Input  Data 
Computer  Output  Data 
Cathode  Ray  Tube 

Continuous  Wave  (refers  to  a single  frequency,  time  limited 
pulse) 

Detection  Display 
Data  Processing  Unit 
Diode  Transistor  Logic 
External  Function  Code 
External  Function  Line 
Equipment  Repair  Time 

Frequency  Modulation  (in  this  text  means  pul6ed  U00  cps 
linear  up  or  down  sweep) 

Fixed  Time  Test 

Government  Furnished  Equipment 

Graphic  Recorder 

Cycles  per  Second 

Input  Acknowledge  Line 

Input  Data  Request  Line 

Interrupt  Line 

Input /Out put 
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Thousand  Cycles  per  Second 

LSB- 

Least  Significant  Bit 

MCC 

Maintenance  of  Close  Contact  (refers  to  a double 
width  vertical  beam  in  thi6  text) 

MCM 

Magnetic  Core  Memory 

% 

MSB 

Most  Significant  Bit 

MTBF 

Mean  Time  Between  Failure 

MTTR 

* 

Mean  Time  to  Repair 

NTDS 

Navy  Tactical  Data  System 

OAL 

Output  Acknowledge  Line 

ODN 

Own  Doppler  Nullification 

ODRL 

Output  Data  Request  Line 

ODT 

Omnidirection  Transmission 

OMU 

Output  Memory  Unit 

PADLOC 

Passive/Active  Detection  and  Localization 

PAIR 

Performance  and  Integrated  Retrofit 

PME 

Performance  Memory  Equipment 

PPI 

Plan  Position  Indicator 

qBa 

Apparent  Bearing  Correction 

qRa 

Apparent  Range  Correction 

RDT 

Rotational  Directional  Transmission 

ROC 

Receiver  Operating  Characteristics 

RTL 

Resistor  Transistor  Logic 

S . 

Search 

SBR 

Steered  Beam  Receiver 

SDS 

Sum  end  Difference  Scanner 

SLT 

Searchlight  Transmission 
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ST 

Sequential  Tests 

s/t/c 

Search-Track-Classify 

t/c 

Track-Classify 

tbr 

Time  Bearing  Recorder 

TCD 

Target  Centered  Display 

TCU 

Timing  Control  Unit 

TRR 

Tactical  Range  Recorder 

DTMB 

LBNSY 

NOTS 

USNUSL 


David  Taylor  Model  Basin 

Long  Beach  Navy  Shipyard 

Naval  Ordnance  Test  Station 

U.  S.  Navy  Underwater  Sound  Laboratory 
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